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This thesis estimates total factor productivity (TFP) growth in the agricultural 
sector of fourteen regions in Central America and the Caribbean. First, TFP is measured 
parametrically and non-parametrically, using the Ordinary Least Square (OLS) method and 
the Maximum Likelihood (ML) method to estimate a translog production function and the 
Malmquist index approach. Secondly, the thesis incorporates an environmental bad, CO2 
emissions from expansion of agricultural land by sacrificing forest area and estimates 
environmentally adjusted productivity (EAP) growth rates using an output distance 
function in order to assess how the growth of TFP rates changes when such a bad is 
included in the production function. 
  The average TFP growth rates of the regions have increased over the period of 
1976 to 2006. Belize, Costa Rica, Cuba, Honduras and Panama score the highest growth 
rates while the Dominican Republic, Haiti, and Trinidad&Tobago show slower, and in 
some specifications, negative TFP growth rates. When the implication of CO2 emissions 
from land use change was tested, the trend of EAP evolution declined between 1992 and 
2006. According to this result, Haiti is no longer a major concern while Puerto Rico is the 
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Agricultural productivity growth contributes to a country’s economic and social 
well-being since a country’s agricultural sector is closely related not only to the economy 
but also to the society and the natural environment. As Van Den Burg (2001) suggests, it is 
important to utilize a holistic view, which captures the entire “system” consisting of the 
economy, the society and the natural environment. Economic well-being has a significant 
effect on the well-being of the society and likewise, the well-being of the society generates 
a number of influences on the natural environment. The interdependence of these sectors 
means that the well-being of the agricultural sector in the economy has significant 
implications for the other components of the system. 
One of the earliest studies done on agricultural productivity growth, Hayami and 
Ruttan (1970), points out that agricultural productivity growth will help an economy meet 
the demand of food and raw materials. The authors claimed that meeting the demand for 
such goods is particularly important for economic growth since urbanization and 
industrialization require such goods and are necessary characteristics along with economic 
development. However, the role of agriculture changes as economy starts to develop. The 
World Bank recognizes three types of developing economies, which are agriculture-based, 
transforming, and urbanized economies. Those economies differ in terms of their poverty 
level, the contribution of agriculture on economic growth, and so on. Thus, agriculture 
needs different approach depending on the types of developing economies (The World 
Bank (2008)).  
In addition, agricultural productivity growth is closely related to stimulating the 




agriculture increases income for the rural communities, which promotes their spending on 
the non-farm sector. More specifically, agricultural productivity growth will generate more 
income for the rural population and eventually it is likely to lead the rural farm 
communities to support non-farm commodities and services such as consumer goods and 
services, inputs and services to agricultural production, and processing and marketing 
services. In most of the developing economies, agricultural production is the main source 
of income and a large fraction of the population in the developing world lives in rural area. 
Therefore, enhancing agricultural productivity growth has a significant implication for the 
entire economy of the developing world.   
This thesis examines productivity growth in the countries of the Central American 
and the Caribbean countries. The territories included in the estimation are the following 14 
regions; the Bahamas, Belize, Costa Rica, Cuba, the Dominican Republic, El Salvador, 
Guatemala, Haiti, Honduras, Jamaica, Nicaragua, Panama, Puerto Rico and Trinidad & 
Tobago. Generally speaking, the South American region tends to be focused more in 
empirical analyses due to their economic importance in the world’s agriculture in terms of 
the size of the economies. However, the agricultural productivity trends of Central America 
and the Caribbean also need to be examined more closely. Some empirical studies, which 
will be discussed later in details, have suggested negative or stagnant growth rates of the 
region. Considering the strong relationship between their agricultural sector and economic 
well-being, the importance of the agricultural sector for the regions is worth being noted. 
The economies of the Central American and the Caribbean countries have 
historically relied on their agricultural sectors (Hutchison and Langham, 1999). Nowadays, 
many countries have developed their service industry through tourism yet the agricultural 




Table 1 shows the composition of GDP and labor force in the three economic sectors of 
each country. On average, 10.8% of the regions’ GDP comes from the agricultural sector 
while 62.7% comes from the service industry, including tourism. Trinidad & Tobago has 
the lowest share of agriculture (0.5%) while Belize and Haiti have the highest (29% and 
28%, respectively). In terms of labor force, 21.8% of the labor is from the agricultural 
sector and 59.4% is from the service sector. There is also vast heterogeneity across 
countries with the lowest labor force share in agriculture being 2.1% of Puerto Rico and the 
highest share being 66% of Haiti. The performance of the agricultural sector is particularly 
important for those regions where most of the population works for the agricultural 
industry such as Guatemala (50% of labor force in agriculture), Haiti (66%), Honduras 
(39.2%) and so on. 
A study done in Honduras by Stonich (1989) gives evidence that the Central 
American and Caribbean agricultural sector is closely related to the rest of the economic, 
sociological and environmental system. In the 1980s, Stonich conducted a case study in 
Honduras to examine the relationship between its environmental destruction and the trends 
in the agrarian structure. The article suggested that a number of phenomena put pressure on 
Honduras’ agricultural sector and the natural environment. These phenomena included 
encouragement of exports of agricultural products to enhance Honduras’ economic 
development, an uneven agricultural development due to an unequal distribution of 
population and income, and growing rural poverty, which discouraged short-term 
conservation of activities and encouraged agricultural production on marginal lands. The 
main conclusion of the paper was that the environmental wellness of not only Honduras but 
also Central America in general is crucial for the economic and physical well-being of the 




from exploitable natural resources.  
Another study done by Homer-Dixon (1994) suggests that the relationship 
between population growth and resource scarcity is a source of political conflict among 
different interest groups. In Nicaragua, the government was willing to support the economy 
by increasing agricultural production, which caused environmental degradation in a large 
part of the country including where an Indian community lived. These two political groups 
developed conflicts over scarce natural resources caused by increased agricultural 
production. This example illustrates how agricultural practices can influence country’s 
political situations within the country as well as with its neighboring nations.  
Grasmuck (1982) finds a strong relationship between the agricultural sector and 
migration between Haiti and the Dominican Republic. Historically, many Haitians 
emigrate to work in sugarcane and coffee production in the Dominican Republic. During 
the 1960’s, the economy of the Dominican Republic was starting to develop and this 
resulted in a relative labor scarcity in sugarcane production. Even though the Dominican 
Republic itself was suffering from a high unemployment rate, a number of Haitians moved 
across the border. The paper suggests that this was due to a relatively higher wage in the 
coffee sector of the Dominican Republic and Haitians’ willingness to receive lower wages 
and to work under harsh living condition in the sugar production sector. 
In summary, the agricultural sector is closely related to the economy, the society 
and the natural environment. All of these entities respond to each other and form an 
environment where humans coexist with other creatures. Therefore, it is crucial that we 
know how the agricultural sector is performing in order to predict possible outcomes as 
well as examine the current situation.  




(TFP) for the fourteen regions is estimated from 1976 to 2006. This chapter looks at the 
trend of agricultural productivity growth over this period and tries to determine whether the 
growth rates of the agricultural sector in the regions have been stagnant over the estimation 
period. Considering the strong positive correlation between the growth of the agricultural 
sector and the entire economy, a negative or stagnant TFP growth will be worrisome while 
a positive TFP growth rate will give some hope for economic development. The second 
chapter examines the impact of expanding agricultural production by converting forest 
lands on environmentally-adjusted productivity (EAP) growth rates. As discussed above, 
agricultural production and environmental wellness are strongly co-related, and 
deforestation and CO2 emissions from deforestation activities can be named as some of the 
biggest concerns in the world today. The second chapter intends to estimate a “real” or EAP 
growth rate and determine how including CO2 emissions from land use change can alter 
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Table 1. The Share of each Economic Sector (CIA World Factbook) 
  GDP Composition by Sector(%) Labor Force by Occupation(%) 
  Agriculture Industry Services Agriculture Industry Services 
the Bahamas 3 7 90 5 5 90 
Belize 29 16.9 54.1 10.2 18.10 71.7 
Costa Rica 6.5 25.5 68 14 22 64 
Cuba 4.3 20.9 74.8 20 19.4 60.6 
D.R. 10.5 21.3 68.2 14.6 22.3 63.1 
El Salvador 11.1 28.2 60.7 19 23 58 
Guatemala 13.5 25.1 61.4 50 15 35 
Haiti 28 20 52 66 9 25 
Honduras 14.2 27.9 57.9 39.2 20.9 39.8 
Jamaica 5.7 29.7 64.7 17 19 64 
Nicaragua 17.8 25.8 56.5 29 19 52 
Panama 6.3 18.2 75.5 15 18 67 
Puerto Rico 1 45 54 2.1 19 79 
T&T 0.5 59.6 39.9 3.8 33.2 62.9 




Estimated in: 2001 (the Bahamas), 
2004(Haiti), 2005(Puerto Rico), 
2008(Belize), 2009(Costa Rica, Cuba, 
the Dominican Rep., El Salvador, 
Guatemala, Honduras, Jamaica, 
Nicaragua, Panama, Trinidad&Tobago) 
Estimated in: 1995(Haiti), 
1999(Guatemala), 2005(the Bahamas, 
Cuba, the Dominican Republic, Honduras, 
Puerto Rico), 2006(Costa Rica, El 




























Total Factor Productivity Measurement of Central America and the Caribbean: 
1976-2006 
Introduction 
For most of the developing economies, improved performance of the agricultural 
sector is particularly important. Although a number of reasons can be discussed, most argue 
that the performance of agricultural sector is important because the majority of the people 
in developing countries live in rural areas where most of the poor lives and the economies 
are based mainly on the agricultural sector. Estimates of the growth of total factor 
productivity (TFP) in the fourteen territories are presented in this chapter. Although some 
of these regions have developed the service industry through tourism, their agricultural 
sector is still crucial for the economies’ well-being.  
In order to estimate TFP growth, data on agricultural output and traditional inputs 
are utilized in order to estimate the trend over time in terms of growth of the agricultural 
sector in these regions. By narrowing the analysis to one geographical region, we intend to 
focus on a relatively homogenous set of countries that are somewhat similar in terms of 
geographical, environmental, sociological and political characteristics. However, there is 
evidence of heterogeneity in agricultural performance across the territories due to 
differences in a number of factors such as public policies, history and tradition, accessible 
natural resources, and so on. The analysis includes “efficiency variables” and tries to 
capture the differences in production performance in terms of efficiency. Such data will be 
described more in details later in this chapter. 
Cross-country analyses of productivity done in the past have focused on numerous 




review of the most relevant literature for this study follows in the next section. Due to the 
size of these economies and their significance in the world’s economic environment, 
however, they have often been left out from the literature that focuses on agricultural 
productivity analysis. However, these regions have a number of problems to be concerned 
involving their agricultural sector and socio-economic environment, which are worth being 
evaluated by scientific studies. Therefore, the purpose of this paper is to analyze 
productivity growth in these particular regions. 
Literature Review 
The economics literature has defined aggregate productivity as the amount of 
output obtained from given levels of inputs in an economy or a sector. Previous studies 
have focused on the issue of agricultural productivity growth as one of the two fundamental 
elements that lead a country to receive higher level of incomes, the other being savings, by 
allowing more inputs to be applied. It has been found that agricultural productivity has been 
growing mainly due to growth in productivity rather than increase in the level of inputs 
applied. In 1950’s, for instance, Schultz (1956) suggested that the recently-observed 
agricultural output growth is the result of improvement of the quality of labor and 
technological advance. 
Agricultural productivity growth is often referred to as a shift in the aggregate 
agricultural production function. One of the first studies that focused on the issue of such 
growth is Hayami and Ruttan(1970), in which the authors estimated a Cobb-Douglas 
production function to explain the significant gap in labor productivity in their agricultural 
sectors between developed countries (DC’s) and less developed countries (LDC’s). The 
production function estimated in this study is called a “meta-production function”, which 




Hayami, Kawagoe and Ruttan(1985) followed the approach of using a meta-production 
function to estimate the difference in productivity across countries after the Green 
Revolution. They also used a Cobb-Douglas production function with one aggregate output 
and seven inputs, five of which are conventional and two of which are non-conventional 
inputs.  
Although these studies established the concept and usefulness of meta-production 
functions, some researchers have raised questions regarding the estimation methods. In 
response to such popularity of the usage of flexible functional forms such as the 
Cobb-Douglas production function, Capablo (1988) raised the question whether the 
estimation of different flexible functional forms makes a difference on the results in 
productivity estimation. She estimated productivity growth of the U.S. agricultural sector 
by using the same data set and applying different functional forms of production, cost, and 
profit models. Such models include the translog production function, translog cost 
function, Generalized Leontief cost function and so on. The results of this study suggest 
different strengths and weaknesses of each estimation method. Lau and Yotopoulos 
(1988) raised the question, in estimating a meta-production function, whether it is feasible 
to assume that all countries have the access to the same technology set. Countries are most 
likely to be heterogeneous and they questioned whether estimation of production 
functions needs to account for country-specific differences. They estimated a 
Cobb-Douglas production function and the transcendental logarithmic meta-production 
function using country-specific effects. Their suggestion is that such country-specific 
effects are important in estimating a meta-production function. The estimation of this 
paper will follow their suggestion and include so-called “efficiency variables” to capture 




explained more in detail later in the thesis. 
In recent years, numerous studies have been conducted on agricultural 
productivity analysis using cross-sectional inter-country analysis. Different analytical 
methods, the availability of data sets such as those of the Food and Agricultural 
Organization of the United Nations (FAO), and an interest in estimating the effect of the 
Green Revolution have provoked many economists to address this particular subject. For 
example, Fulginiti and Perrin (1993) conducted a study to test the relationship between past 
prices and present productivity using non-parametric indexes. The conclusion was that the 
hypothesis of a positive relationship between past prices and present productivity was 
supported by the empirical results derived for 18 developing countries. Also, Fulginiti and 
Perrin (1997) studied productivity growth of eighteen developing nations by using a 
nonparametric, output-based Malmquist index and a parametric Cobb-Douglas production 
function. They suggested that at least half of these 18 countries have experienced 
productivity decline in agricultural productivity. Pfeiffer (2003) examined five South 
American nations’ productivity growth using a fixed-effects approach and a stochastic 
frontier production function approach. The study concluded that, despite previous findings, 
the countries demonstrated positive productivity growth over the 1971-2000 period.   
As mentioned above, Central America and the Caribbean nations have not been at 
the center of interest of many economic studies. However, some estimations of productivity 
growth included the countries of interest in this paper. Solis, Bravo-Ureta, and Quiroga 
(2009) conducted a study to estimate technical efficiency related to conservation activities 
in El Salvador and Honduras. They estimated an input-oriented stochastic distance frontier 
and suggested that it is possible for the farm households to improve the quality of the 




productivity growth over the 1961-1991 period using the Malmquist index approach. Their 
study includes 115 countries and concluded that the global trend of agricultural 
productivity during the period was declining in the first two decades but increasing in the 
1980s. Nin, Arndt, Hertel, and Preckel (2003) were mainly interested in breaking up the 
total agricultural sector into livestock and crop production groups. They estimated 
productivity growth of both livestock and crop production as well as the agricultural sector 
as a whole. They found that there are some clear differences between livestock and crop 
productivity growth in the 115 countries estimated. Likewise, Bravo-Ortega and Lederman 
(2004) estimated growth in agriculture’s total factor productivity for a large number of 
countries between 1960 and 1997. The authors focused on the Latin American and 
Caribbean regions and estimated the impacts of external variables such as literacy, 
infrastructure and so on.   
The main interest of Abreu, F. de Groot, and Florax (2004) was to analyze spatial 
patterns of technology diffusion and its correlation with productivity growth. Their finding 
suggested that the TFP growth rates are positively related to space. The estimation was 
done for 73 countries over the period 1960-2000. Coelli and Rao (2003) is another example 
of estimating a meta-production function. Their analysis was done in 93 countries over the 
period 1980-2000 using data envelopment analysis (DEA). The general conclusion of the 
paper is that the world’s agricultural productivity grew during the 80s and 90s. Similarly, 
Avila and Evenson estimated TFP of a number of countries over two periods, 1961-1980 
and 1981-2001. Hutchinson (2007) recognizes the importance of the agricultural sector for 
the Caribbean nations not only as a source of income but also, and perhaps more 
importantly, as an employer of the rural population.  The paper estimates the trend of total 




using the Malmquist productivity index approach. The conclusion is that the majority of the 
countries estimated experienced lower rate of agricultural productivity growth in the period 
of 1961-1981 than during the 1981-2000 period. The most recent study on productivity 
analysis was done by Fuglie (2008). He analyses the relationship between productivity 
growth and the rising food prices, finding that there is no evidence of agricultural TFP 
decline in contrast to other studies. Ludena (2010) estimated TFP growth rates in Latin 
America and the Caribbean between 1961 and 2007 using the Malmquist index. The 
highest rates of growth occurred in the last two decades and Latin American regions have 
relatively fast rates of growth compared to other developing regions.   
The results of those studies that estimated productivity growth are presented and 
compared in Table2 in the Appendix section. Some studies whose results are shown based 
on regions are not included in the table since the interest is to compare the country-specific 
TFP growth observations. Note that there have not been any estimation for the Bahamas, 
Belize, and Puerto Rico. Generally, countries that belong to Central American Free Trade 
Agreement (CAFTA) are more likely to be included in the estimations than the regions in 
the Caribbean. This might be due to relatively more accessible data sources in those nations 
compared to others in Central America and the Caribbean. 
Following the suggestions from past studies, this chapter estimates a translog 
production function and Malmquist index with one aggregated output as the independent 
variable and five conventional agricultural inputs that many of the studies described above 
have utilized. In addition to those conventional inputs, this estimation includes “efficiency 
variables” which capture the differences or heterogeneity across countries of interest.   
Data 




machinery, fertilizer, livestock, and land. This analysis utilizes the data set organized by 
Fuglie (2008). The original data were obtained from the Food and Agricultural 
Organization of the United Nations (FAO) and modified by Fuglie.   
The output data published by FAO is the aggregated production of crops and 
livestock measured in thousands of 1999-2001 U.S. dollars and Fuglie expresses the data 
set in the same unit. Labor is the total economically active males and females in agriculture 
measured in thousands. Land is defined as the area in thousands of hectares in permanent 
crops, annual crops, and permanent pasture. Fuglie provides a measurement of 
quality-adjusted land and non-quality-adjusted land. The former category gives greater 
weight to irrigated cropland.  This analysis utilizes the latter, non-quality-adjusted land. 
Livestock is the aggregate number of farm animals measured in “cattle equivalents” held in 
farm inventories. Such animals include cattle, camels, water buffalos, horses, other equine 
species, small ruminants, pigs, rabbits, and poultry species. Each species was weighted 
based on Hayami and Ruttan (1985) to get the cattle equivalents. Fertilizer is the amount of 
major inorganic nutrients applied to agricultural land annually. It is measured as metric tons 
of N, P2O5, and K2O equivalents. Machinery is the number of riding tractors in use. The 
descriptive statistics of the output and five inputs are presented in Table2. 
Besides such conventional output and inputs variables, this analysis includes 
so-called “efficiency variables”. Generally, total factor productivity (TFP) is thought to be 
improved in two different ways. One is to improve the production technology, which shifts 
the Production Possibility Frontier (PPF), and the other is to become more efficient, which 
brings each observation closer to the existing PPF. In order to measure how efficient each 
country is currently performing given the PPF, such efficiency variables are included in the 




The efficiency variables can be divided into two categories: those that reflect 
qualitative input differences and those generated by the institutional and socio-political 
environment. The former shows differences in quality in the applied inputs while the latter 
observations include important variables outside of the agricultural production. Due to data 
availability, this thesis includes variables that explain qualitative differences across regions 
only. The variables are namely life expectancy and irrigation rate. 
Life expectancy at birth is thought to be an indicator of labor quality as this 
variable is a popular proxy for health. Craig, Perdey, and Roseboom (1997) estimated a 
Cobb-Douglas production function which includes a number of variables that might 
capture quality differences of applied inputs as well as conventional inputs. The authors 
found that life expectancy generally is associated with higher labor productivity. Life 
expectancy may be a better measure of labor quality than education levels for a number of 
different reasons. Bloom and Canning (2004) suggest that life expectancy can be an 
indicator of better health, which might improve worker productivity. A longer life 
expectancy also can mean a longer working life, which may boost economic growth since 
more people will be engaged in production of goods and services. The authors also suggest 
that longer life also enhances national savings rates. In addition, a longer life increases the 
opportunity to enjoy the investment from education. In other words, the life expectancy 
variable can capture more than merely the impact of health on economic growth. In this 
analysis, life expectancy is expressed in years. 
In order to capture the differences in land quality, the irrigation rate is included in 
the analysis. The irrigation rate has been a popular proxy to account for land quality. 
Rydzewski (1989), who conducted a study in Africa, suggests that the importance of water 




mechanism that keeps the land moisture ideal for crop production. Therefore, irrigated 
lands are generally considered to be more efficient in terms of crop production. However, it 
is also important to note that the irrigation practices vary depending on the policies, 
technologies and locations and therefore, it is possible that some regions have a more 
effective irrigation environment than others. Guillet (2006) conducted a study in 
Northwestern Spain to indicate the efficiency of irrigation. They found that the irrigation 
rates themselves might hide some important information about quality within irrigated 
lands. The irrigation rate is computed by dividing the agricultural land area irrigated by the 
total agricultural land area. 
Model 
This analysis examines agricultural productivity growth in the Central American 
and the Caribbean regions using a parametric approach by estimating a translog production 
function and a non-parametric approach of applying the Malmquist index.   
A production function expresses the maximum amount of output obtainable from 
given input bundles with fixed technology. It can be expressed mathematically as: 
𝑌 = 𝑓 (X1, X2,∙∙∙, XN) 
where Y is output produced and Xs are inputs used in the process of producing Y. Generally, 
as the more inputs are applied in the production process, the more outputs are expected to 
be produced. As discussed earlier, this estimation method assumes that all regions have 
access to the same technology.   
First, a translog production function is estimated without the efficiency variables 




(5)   𝑙𝑛Yit = α0 + �αm
m
ln xmit + αt𝑡 + 12��βmn ln xmitlnxnit + 12βtt t2
nm+  �βtmlnxmitt +  εi 
m
 
where Yit is output, xit is the input quantities of the ith country in the tth year, m and n are 
the five “traditional” agricultural inputs where m ≠ n, and εi is the random error.  
Then, the same function with the efficiency variables is estimated in order to compare the 
results from two different methods, using Maximum Likelihood method (ML). It is 
expressed as:  
(6)   𝑙𝑛Yit = α0 +  �αm
m
ln xmit +  αt𝑡 + 12��βmn ln xmitlnxnit +   12βtt t2
nm+  �βtmlnxmitt +  vit −  uit
m
 
The two equations above are identical expect for the error term. When the ML method is 
utilized, the error term is divided into two parts, that is εi = vit −  uit. The difference in 
error terms will be discussed more in detail later in this section. 
Using the parameters obtained through these two approaches, elasticities of each input can 
be calculated. The elasticities are expressed as:  
(7)    εm = ∂ ln 𝑓(x, t)∂ ln xm =  αm + � βmnlnxn +  βmnlnxm +  βtmt
n≠m
 
Technical change (TC), the focus of this study, can be defined as the change in output from 
change in the production technology. It is mathematically expressed as: 
(8) ∂lnY
∂t = αt +  βttt +  �βtmlnxmit = TC
m
 
Taking the derivative of equation (5) with respect to t, time, would generate TFP, which is 
the change in output explained from technological change.   
As mentioned earlier, the OLS approach and the ML approach differ in their error 




that is  εit = vit, which is a two-sided random error term. Therefore, it does not allow the 
regions’ agricultural sector to be under the PPF curve, which suggests inefficient 
production practices. The error term of the ML method, on the other hand, has two separate 
components, that is, εit = vit −  uit. vit is a random variable which is assumed to be iid N(0,σv2) and independent of uit. uit is the one-sided, non-negative random variable 
which is assumed to be truncated at zero and distributed iid N(ηit,σ𝑈2 ).  This error term 
accounts for technical inefficiency in production. Therefore, the ML method allows us to 
capture two distinct components in measuring total factor productivity (TFP), which are 
technical change (TC) and efficiency change (EC). TFP is the rate of change in output that 
cannot be explained by the change in inputs used in the production process, or the sum of 
TC and EC (Pfeiffer, 2003). Mathematically, TFP can be expressed as: (9) TFP = Y −  �εmxm
m
= TC + EC 
where TC is calculated as shown in equation (8) and EC is expressed as: (10) EC = TEt −  TEt−1 
EC is the difference between the levels of technical efficiency (TE) in two time periods. TE 
is calculated as: 
(11) TEit= Yitexp[f(xit; β)+ v]  = exp(-uit) 
TE compares the ratio of observed output for the i-th country in a particular period with its 
potential output if there is heterogeneity across countries. When TEit=1, it means that the 
country at the time period is fully efficient or performing its production on its PPF. The 




where zit is a vector of independent variables that account for technical inefficiency and 𝛿 
is a vector of unknown parameters to be estimated. In other words, these z variables are 
what we have called “efficiency variables”. In addition, the mean is assumed to be the 
non-negative truncation of the normal distribution with mean μit and variance σv
2 (Coelli, 
1996). Both translog production functions are estimated using FRONTIER 4.1 (see Coelli, 
1996).  
In addition to estimating translog functions, this analysis includes a non-parametric 
approach, the Malmquist TFP Index. This approach is useful for the purpose of this study 
since it decomposes TFP into TC and EC as in the case with the ML method. Some studies 
such as Fulginiti and Perrin (1998) support the usefulness of applying the Malmquist TFP 
Index approach. The Malmquist TFP Index can be expressed mathematically as: 
(13) M(xt+1, yt+1, xt, yt) = [D0t  (xt+1, yt+1)D0t (xt, yt)  ×  D0t+1(xt+1, yt+1)D0t+1(xt, yt)  ]1/2 
This equation compares the productivity at two points in time, t and t+1. This analysis 
utilizes an output-based Malmquist Index. As in the ML method for production function 
estimation, it measures efficiency using TE, which is expressed as: (14) TE0 = 0A/0B   
This is the difference between the observed point of production and the point on the PPF. 
Equation (13) was obtained by using four linear programming (LP) problems to calculate 
the four component distance functions. More specifically, the following four LP problems 
were solved: (15) [D0t (xt, yt)]−1 = maxφ,λ φ,  
     s.t. −φyit + Ytλ ≥ 0,  xit −  Xtλ ≥ 0, 
λ ≥ 0, (16) [D0t+1(xt+1, yt+1)]−1 = maxφ,λ φ,  




xit+1 −  Xt+1λ ≥ 0, 
λ ≥ 0, (17) [D0t (xt+1, yt+1)]−1 = maxφ,λ φ,  
     s.t. −φyit+1 +  Ytλ ≥ 0,  xit+1 −  Xtλ ≥ 0, 
λ ≥ 0, (18) [D0t+1(xt, yt)]−1 = maxφ,λ φ,  
     s.t. −φyit + Yt+1λ ≥ 0,  xit −  Xt+1λ ≥ 0, 
λ ≥ 0, 
where 1 ≤ φ < ∞ and φ − 1 represents the proportional increase in outputs that can be 
achieved by the i-th decision making unit (DMU) without changing input quantities. The 
TE scores in the Malmquist TFP Index approach is 1/φ, which takes any values between 0 
and 1.  λ is a N × 1vector of constants, where N is the number of DMU’s. X is a K × N 
input matrix, where K is the number of inputs applied for the production while Y is a M × N output matrix, where M is the number of output produced. More detailed 
description can be found in the instruction of DEAP, a computer program used to estimate 
the Malmquist TFP Index written by Coelli (see Coelli, 1996).  
Results 
This section presents the regression results of the translog production function 
estimation using OLS and ML, and the Malmquist TFP Index number. Note that all the 
regression results include two kinds; one with all five conventional inputs (land, labor, 
fertilizer, livestock, and machinery) and the other with only four inputs excluding fertilizer. 
This comparison was made due to the fertilizer variable that shows a large magnitude of 
variability. As seen in Figure 3-7, regions such as Belize, Cuba, Haiti and Trinidad & 
Tobago show great magnitudes of variality in terms of their fertilizer usage. Especially it is 
obvious that Cuba has a rather large fluctuation in terms of the amount of fertilizer utilized 




fertilizer variable, there have been dramatic differences between results including the 
variable and excluding the variable. Therefore, both results are recorded in order to observe 
the impact of this specific variable. 
First, elasticities of each input are presented in Table 3. Generally, we expect them 
to be positive. This implies that the more inputs are applied, the more output will be 
produced. Both estimations, with and without fertilizer, show positive elasticities for all 
inputs. If we assume constant returns to scale (CRS), the sum of all the elasticities has to be 
somewhat close to 1. The sums are 0.916, 1.024, 0.770, and 1.009 for OLS with fertilizer, 
ML with fertilizer, OLS without fertilizer and ML without fertilizer, respectively. This 
implies that the model performs on CRS except for OLS without fertilizer even though no 
property of a production function has been imposed. Also, each elasticity is more or less the 
share of each input. For instance, the OLS estimation with fertilizer has elasticities of 0.251, 
0.172, 0.070, 0.227, 0.189, and 0.008 for labor, fertilizer, tractor, livestock, land and 
technological change, respectively. This implies that, out of all the inputs applied in 
production, 25% is labor, 17% is fertilizer, 7% is tractor, 23% is livestock and 19% is land. 
Note that, when fertilizer is excluded from the analysis, other input shares increase as what 
used to be the share of fertilizer has to be allocated across other inputs.  
Secondly, table 4 presents the results of regression with fertilizer in each decade, 
namely 1977-1986, 1987-1996, and 1997-2006. The averages are weighted averages based 
on each country’s share of output. All the estimation methods suggest that the first decade, 
between 1977 and 1986, shows the slowest growth rate and the last decade, between 1997 
and 2006, shows the fastest. In terms of each territory, the regions with lower rates of TFP 
are the Bahamas, El Salvador, Haiti, and Puerto Rico. On the other hand, TFP growth has 




figures for Jamaica vary significantly based on the method used. OLS and ML show 
relatively lower figures for Jamaica while the Malmquist Index suggests the fastest growth 
in Jamaica. Such a big difference can be due to the variability of fertilizer.  
Table 5 presents the results without fertilizer. The observation suggests that the 
first decade has the slowest growth rate and the last decade has the fastest growth rate, 
which is consistent with what is found by including fertilizer as discussed above. Regions 
with lower or negative growth rate over the entire period are the Bahamas, the Dominican 
Republic, El Salvador, Guatemala, Haiti, Jamaica, Puerto Rico and Trinidad & Tobago. 
Similarly, the fastest growers are Belize and Costa Rica. 
Lastly, the results on efficiency-variables are presented in Table7. Both 
coefficients are highly statistically significant in both regressions with and without 
fertilizer included. The negative coefficients imply that the more of those “inputs” are 
applied in the production process, the less inefficient a country becomes. Therefore, the 
larger amount of such inputs applied contribute to an increase in efficiency. This 
observation is consistent with the expectation since irrigated lands tend to be more efficient 
than non-irrigated land in general and longer life expectancy is thought to be an indicator of 
better health and better labor quality. In running the regression, irrigated area is expressed 
in terms of percentage while life expectancy is expressed in logarithm; therefore, we can 
interpret the coefficient in terms of elasticities. For instance, in the case of the estimation 
with fertilizer, a one-percent increase in irrigated land is associated with a 0.06-percent 
decrease in inefficiency while a one-percent increase in life expectancy is associated with a 
1.586-percent decrease in inefficiency.  
Conclusion 




function using Ordinary Least Square (OLS) and Maximum Likelihood (ML) methods as 
well as utilized Malmquist Index numbers, a non-parametric estimation method. The 
analysis was done using one output, five conventional inputs and two non-conventional 
inputs that capture heterogeneity across countries. Namely, the five conventional inputs are 
land, labor, fertilizer, machinery, and livestock and the so-called “efficiency variables” are 
irrigation rate and life expectancy. 
The results suggest that the first decade, between 1976 and 1986, shows the lowest 
productivity growth in their agricultural sector, followed by faster growth rates in the next 
two decades in the estimation. The results are relatively robust across different estimation 
methods and the general suggestion is that some countries and regions have indeed had 
stagnant TFP growth such as the Bahamas, Haiti, and Puerto Rico. In terms of efficiency 
variables, general expectations were met and the results suggested that the more irrigation 
and the longer life expectancy, the more efficient a country’s agricultural sector is likely to 
be.  
As discussed earlier, the agricultural sector has significant implications on not only 
the economy but also the society and the natural environment. In the next chapter of the 
thesis, CO2 emissions due to deforestation for the purpose of expanding agricultural land 
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Time Period 1961-1985 1961-1991 1965-1994 1960-1997 1960-2000 1980-2000 1961-2001 1981-2000 1961-2007 
Bahamas                 1.77  
Belize                 1.65  
Costa Rica   2.66  1.81    0.09  2.80  1.47    3.62  
Cuba   -1.21    1.17    2.50      0.38  
D.R 1.00  -0.40      1.27  1.00  1.43  0.5 0.87  
El Salvador   0.30  -0.19  0.53  0.27  0.80  1.05    0.35  
Guatemala   0.90  0.26  0.79  0.89  0.50  0.65    1.95  
Haiti   -0.80    0.97    -4.30  1.55  -0.2 -0.17  
Honduras   -1.31  -0.49  0.78  -0.27  0.30  1.58    1.53  
Jamaica   0.40      0.20    1.22  2.4 0.37  
Nicaragua   -3.56    0.79  -1.39  1.80  1.62    1.28  
Panama   0.40  -0.10    2.58    0.97    1.22  
Puerto Rico                   













Table 2. Descriptive Statistics: 1976-2006 
 
All 
territories Mean Max Min SD 
Output 789,824.83 3,283,918.00 11,466.38 713,239.17 
Labor 560.50 2,261.55 5.00 580.24 
Fertilizer 76,031.03 663,000.00 100.00 108,819.50 
Tractor 8,109.61 76,783.00 71.00 18,026.29 
Livestock 2,038,068.05 7,312,775.00 18,268.75 1,724,170.80 
Land 2,185.91 6,788.00 11.00 1,902.24 
 
 
Bahamas Mean Max Min SD 
Output 15,580.73 23,069.62 11,466.38 3,445.85 
Labor 5.59 7.00 5.00 0.56 
Fertilizer 701.87 1,800.00 100.00 444.82 
Tractor 104.94 128.00 71.00 16.70 
Livestock 31,601.30 63,487.50 18,268.75 10,810.34 
Land 12.13 14.00 11.00 1.06 
 
 
Belize Mean Max Min SD 
Output 77,871.38 134,700.55 34,518.16 32,030.68 
Labor 21.28 29.70 16.00 4.28 
Fertilizer 5,424.39 29,956.00 607.00 6,397.63 
Tractor 1,023.45 1,150.00 710.00 156.63 
Livestock 81,892.16 105,656.50 68,625.00 10,828.65 
Land 124.77 152.00 85.00 24.92 
 
 
Costa Rica Mean Max Min SD 
Output 1,161,020.50 1,765,679.67 700,510.60 362,031.52 
Labor 307.53 327.40 268.00 16.59 
Fertilizer 115,927.32 199,000.00 55,700.00 39,541.20 
Tractor 6,545.16 7,000.00 5,700.00 480.86 
Livestock 2,206,578.19 2,730,612.50 1,538,625.00 385,046.27 
Land 2,751.21 2,905.38 2,205.00 190.69 
 
 
Cuba Mean Max Min SD 
Output 2,634,808.59 3,283,918.00 1,874,792.00 423,354.75 
Labor 827.46 873.00 696.22 55.39 
Fertilizer 346,954.05 663,000.00 33,700.00 219,450.23 
Tractor 72,400.23 76,783.00 49,033.00 6,052.12 
Livestock 6,519,836.78 7,312,775.00 5,495,437.50 533,042.83 









Republic Mean Max Min SD 
Output 1,337,488.57 1,538,730.63 1,171,470.00 93,407.63 
Labor 643.50 704.00 522.41 58.27 
Fertilizer 77,365.68 108,900.00 42,000.00 17,759.83 
Tractor 2,100.26 2,330.00 1,868.00 163.36 
Livestock 3,404,409.97 4,037,159.00 2,618,931.00 434,530.28 
Land 3,469.54 3,533.00 3,402.00 45.30 
 
 
El Salvador Mean Max Min SD 
Output 703,906.68 853,562.73 601,106.40 63,075.11 
Labor 735.18 808.43 691.00 42.14 
Fertilizer 76,751.55 111,500.00 53,100.00 15,828.25 
Tractor 3,369.35 3,430.00 3,000.00 111.80 
Livestock 1,489,608.94 1,749,015.25 1,214,543.75 148,339.99 
Land 1,508.23 1,704.00 1,300.00 145.27 
 
 
Guatemala Mean Max Min SD 
Output 1,564,188.42 2,149,679.41 1,095,459.00 358,305.29 
Labor 1,593.21 1,960.38 1,256.00 215.09 
Fertilizer 145,001.52 236,847.21 68,100.00 50,508.93 
Tractor 4,168.39 4,300.00 3,750.00 162.11 
Livestock 2,763,290.78 3,436,872.00 1,774,815.75 395,659.43 
Land 4,028.08 4,660.40 2,930.00 650.29 
 
 
Haiti Mean Max Min SD 
Output 665,042.65 727,195.40 600,588.60 34,340.66 
Labor 1,983.40 2,261.55 1,766.00 153.30 
Fertilizer 6,587.65 14,429.00 300.00 4,867.73 
Tractor 166.52 220.00 135.00 27.18 
Livestock 2,535,038.72 2,972,312.50 2,137,875.00 255,422.35 
Land 1,594.03 1,600.00 1,585.00 4.83 
 
 
Honduras Mean Max Min SD 
Output 922,035.56 1,549,169.13 551,431.30 286,727.77 
Labor 719.45 788.83 637.00 42.10 
Fertilizer 59,039.48 180,500.00 14,994.00 47,389.55 
Tractor 4,415.39 5,300.00 2,910.00 815.51 
Livestock 2,776,601.80 3,180,005.50 2,314,986.00 299,655.93 








Jamaica Mean Max Min SD 
Output 359,034.71 434,975.80 288,459.20 46,720.89 
Labor 275.30 299.00 245.40 16.52 
Fertilizer 18,897.58 31,100.00 781.00 6,523.33 
Tractor 2,985.81 3,080.00 2,600.00 142.94 
Livestock 605,669.27 701,937.50 467,875.00 86,214.54 
Land 498.00 513.00 476.00 16.18 
 
 
Nicaragua Mean Max Min SD 
Output 668,239.41 985,724.55 473,318.80 159,990.09 
Labor 404.23 419.00 382.02 10.85 
Fertilizer 41,203.85 76,600.00 17,700.00 15,652.56 
Tractor 2,535.87 3,000.00 1,316.00 400.88 
Livestock 3,374,393.23 4,149,200.00 2,514,277.50 468,918.53 
Land 4,342.43 5,372.32 3,630.00 602.56 
 
 
Panama Mean Max Min SD 
Output 534,116.09 623,660.02 439,161.90 56,466.59 
Labor 232.94 251.00 197.00 19.68 
Fertilizer 29,741.00 44,300.00 17,008.00 6,590.22 
Tractor 6,115.19 8,100.00 4,230.00 1,286.50 
Livestock 1,804,336.38 2,051,575.00 1,632,112.50 115,788.48 
Land 2,068.94 2,230.00 1,827.00 137.20 
 
 
Puerto Rico Mean Max Min SD 
Output 312,911.91 370,514.00 237,658.48 40,159.62 
Labor 48.12 82.00 23.80 15.34 
Fertilizer 133,879.43 199,436.62 69,318.03 38,626.84 
Tractor 3,134.58 4,150.00 2,552.00 419.96 
Livestock 680,400.84 842,260.50 533,053.00 84,392.22 
Land 371.73 495.00 222.00 106.40 
 
 
Trinidad&Tobago Mean Max Min SD 
Output 101,302.36 130,116.80 83,453.62 11,359.02 
Labor 49.82 52.00 46.00 1.81 
Fertilizer 6,959.02 19,129.75 2,100.00 2,943.01 
Tractor 4,469.35 5,130.00 3,100.00 509.18 
Livestock 259,294.38 449,825.00 190,062.50 79,022.51 











with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.251  0.339  0.208  0.400  
Fertilizer 0.172  0.143  NA NA 
Tractor 0.070  0.129  0.021  0.131  
Livestock 0.227  0.131  0.353  0.188  
Land 0.189  0.283  0.180  0.298  
Time 0.008  -0.001  0.008  -0.007  




with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.209  0.006  -0.079  -0.188  
Fertilizer -0.066  -0.012  NA NA 
Tractor -0.073  0.285  -0.351  0.574  
Livestock 0.513  0.575  0.825  0.790  
Land 0.303  0.046  0.643  -0.113  
Time -0.032  -0.001  -0.006  -0.007  




with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.580  0.013  0.950  -0.392  
Fertilizer 0.150  0.083  NA NA 
Tractor 0.225  0.405  0.015  0.355  
Livestock -0.300  -0.205  -0.190  0.049  
Land 0.297  0.611  0.244  0.851  
Time 0.529  0.013  0.028  0.018  





with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.394  0.395  0.724  0.446  
Fertilizer 0.351  0.255  NA NA 
Tractor 0.077  0.072  0.180  0.023  
Livestock 0.095  -0.225  0.450  -0.322  
Land 0.042  0.485  -0.552  0.692  
Time 0.391  0.003  0.016  -0.001  









with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.433  0.683  0.247  0.761  
Fertilizer 0.316  0.260  NA NA 
Tractor 0.030  -0.150  0.226  -0.440  
Livestock -0.274  -0.708  0.494  -0.526  
Land 0.413  0.744  -0.152  0.747  
Time 0.460  0.009  0.000  -0.007  





with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.214  0.415  0.375  0.653  
Fertilizer 0.294  0.213  NA NA 
Tractor 0.050  0.094  0.098  0.198  
Livestock 0.573  0.342  0.569  0.096  
Land -0.207  0.080  -0.411  0.220  
Time 0.199  -0.008  0.012  -0.013  




with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor -0.100  0.247  -0.191  0.480  
Fertilizer 0.053  0.111  NA NA 
Tractor 0.140  0.168  0.001  0.089  
Livestock 0.175  0.362  -0.153  0.540  
Land 0.627  0.275  0.961  0.094  
Time 0.069  -0.008  0.007  -0.010  




with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor -0.048  0.262  0.060  0.519  
Fertilizer 0.125  0.139  NA NA 
Tractor 0.218  0.211  0.098  0.105  
Livestock 0.155  0.355  -0.379  0.434  
Land 0.458  0.274  0.756  0.223  
Time 0.171  -0.008  0.017  -0.007  









with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor -0.131  0.393  -0.792  0.832  
Fertilizer -0.056  -0.040  NA NA 
Tractor 0.100  0.263  -0.195  0.566  
Livestock 1.241  1.559  0.235  1.419  
Land -0.364  -0.724  1.049  -0.902  
Time -0.150  -0.025  0.000  -0.034  




with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.323  0.449  0.291  0.560  
Fertilizer 0.231  0.159  NA NA 
Tractor 0.129  0.122  0.113  0.079  
Livestock 0.230  0.118  0.203  0.104  
Land -0.012  0.241  0.046  0.344  
Time 0.338  -0.002  0.013  -0.008  




with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.063  0.263  -0.292  0.315  
Fertilizer -0.019  0.045  NA NA 
Tractor 0.126  0.181  -0.074  0.077  
Livestock 0.020  0.225  -0.105  0.587  
Land 0.681  0.331  1.203  0.108  
Time 0.143  -0.001  0.002  -0.008  




with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.601  0.508  0.883  0.557  
Fertilizer 0.423  0.239  NA NA 
Tractor 0.077  0.107  0.190  0.206  
Livestock 0.462  0.045  0.700  -0.285  
Land -0.624  0.156  -1.057  0.549  
Time 0.472  0.000  0.021  -0.006  











with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.623  0.504  0.690  0.428  
Fertilizer 0.336  0.204  NA NA 
Tractor 0.079  0.074  0.156  0.024  
Livestock 0.073  -0.284  0.541  -0.319  
Land -0.183  0.422  -0.556  0.674  
Time 0.515  0.007  0.014  -0.002  





with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.065  0.264  0.328  0.420  
Fertilizer 0.276  0.292  NA NA 
Tractor -0.188  -0.078  -0.022  0.032  
Livestock 0.359  -0.132  1.279  -0.225  
Land 0.467  0.494  -0.584  0.416  
Time -0.014  -0.002  -0.007  -0.010  





with Fertilizer without Fertilizer 
OLS ML OLS ML 
Labor 0.285  0.344  -0.280  0.207  
Fertilizer -0.007  0.055  NA NA 
Tractor -0.016  0.055  -0.136  -0.057  
Livestock -0.142  -0.196  0.472  0.291  
Land 0.751  0.526  0.927  0.264  
Time 0.199  0.008  -0.011  -0.006  






Table 4. TFP Growth Rates; with fertilizer 
 
 
TFP OLS TFP ML TFP Malmquist Output  
76-86 87-96 97-06 76-06 77-86 87-96 97-06 77-06  77-86 87-96 97-06 77-06  77-86 87-96 97-06 77-06 
BA -1.965  0.440  1.781  0.085  -1.922  0.125  1.702  -0.032  -0.800  5.320  -1.780  0.913  -2.055  4.930  2.636  1.837  
BE 0.126  1.994  3.490  1.870  0.426  2.427  3.460  2.104  0.440  6.740  2.140  3.107  4.444  6.969  4.270  5.227  
CR -0.494  1.479  3.365  1.450  -0.509  1.721  1.819  1.010  -0.010  4.620  2.630  2.413  2.023  5.274  2.018  3.105  
CB -0.694  1.737  4.109  1.717  -0.719  0.825  3.178  1.095  0.980  0.610  6.320  2.637  2.825  -2.511  1.302  0.539  
DR -0.845  0.778  2.469  0.801  -0.388  -0.080  1.649  0.394  0.460  -0.640  2.900  0.907  0.794  0.733  1.616  1.048  
ES -1.586  0.483  2.341  0.413  -1.337  -0.076  1.533  0.040  -0.310  0.060  2.580  0.777  -0.212  1.293  2.057  1.046  
GA -1.088  0.871  2.382  0.722  -1.905  0.536  1.119  -0.083  -1.320  1.970  1.040  0.563  1.223  3.805  2.140  2.389  
HA -1.786  -0.118  0.844  -0.353  -2.500  -1.257  -1.259  -1.672  11.630  -1.980  -2.810  2.280  1.159  -1.547  0.794  0.135  
HO -0.391  1.429  2.694  1.244  -0.641  0.949  2.789  1.032  2.600  2.800  5.160  3.520  2.296  4.582  4.855  3.911  
JA -1.143  0.513  2.538  0.636  -0.953  0.924  1.070  0.347  -0.700  1.380  21.560  7.413  0.645  3.204  0.116  1.322  
NI -0.421  1.820  3.785  1.728  -2.454  0.961  3.084  0.530  -2.650  2.730  4.740  1.607  -2.454  1.031  5.227  1.268  
PA -0.083  1.869  3.759  1.848  -0.664  0.752  2.903  0.997  -0.590  0.660  5.140  1.737  0.930  1.703  1.148  1.260  
PR -1.375  0.112  1.550  0.096  -1.321  0.147  1.616  0.148  0.610  1.890  1.940  1.480  -0.756  -1.100  -1.943  -1.266  
TT -0.950  0.993  2.378  0.807  -1.504  1.006  2.731  0.744  -0.940  2.220  -0.010  0.423  -3.070  1.170  1.279  -0.207  




Table 5. TFP Growth Rates; without fertilizer 
 
 
TFP OLS TFP ML TFP Malmquist Output  
76-86 87-96 97-06 76-06 77-86 87-96 97-06 77-06 77-86 87-96 97-06 77-06 77-86 87-96 97-06 77-06 
BA -0.978  -0.420  -0.249  -0.549  -1.900  -0.751  0.743  -0.636  -3.200  2.610  0.380  -0.070  -2.055  4.930  2.636  1.837  
BE 1.507  2.905  4.114  2.842  0.558  2.341  4.179  2.359  3.360  5.310  1.670  3.447  4.444  6.969  4.270  5.227  
CR 0.090  1.488  3.461  1.680  -1.308  0.819  2.279  0.597  0.840  5.620  2.860  3.107  2.023  5.274  2.018  3.105  
CB -1.405  0.049  1.454  0.032  -0.115  -0.692  1.468  0.220  3.340  -1.850  1.160  0.883  2.825  -2.511  1.302  0.539  
DR 0.671  1.051  2.013  1.245  -1.384  -0.201  1.190  -0.132  -0.070  0.690  2.310  0.977  0.794  0.733  1.616  1.048  
ES -0.432  0.733  1.970  0.757  -2.186  -0.338  1.068  -0.485  -0.290  0.060  1.870  0.547  -0.212  1.293  0.897  0.659  
GA 0.586  1.997  2.765  1.783  -2.083  0.109  1.275  -0.233  -1.290  2.530  1.160  0.800  1.223  3.805  2.140  2.389  
HA -0.788  0.272  0.737  0.074  -4.387  -2.559  -1.709  -2.885  -0.150  0.100  -0.330  -0.127  1.159  -1.547  0.794  0.135  
HO 0.564  1.352  2.067  1.328  -1.787  -0.067  1.605  -0.083  -0.390  4.900  4.540  3.017  2.296  4.582  4.855  3.911  
JA -0.348  -0.006  0.946  0.198  -1.752  -0.439  0.688  -0.501  -1.130  1.550  -0.620  -0.067  0.645  3.204  0.116  1.322  
NI 0.998  2.066  3.222  2.095  -2.208  -0.092  2.010  -0.097  -4.490  1.010  5.500  0.673  -2.454  1.031  5.227  1.268  
PA 0.372  1.542  2.330  1.414  -1.370  0.227  1.866  0.241  -0.280  0.640  0.620  0.327  0.930  1.703  1.148  1.260  
PR -1.079  -0.544  -0.332  -0.652  -1.263  1.719  0.930  0.462  1.420  2.470  1.500  1.797  -0.756  -1.100  -1.943  -1.266  
TT -1.545  -0.835  -0.993  -1.124  -1.715  -0.297  1.142  -0.290  -3.740  -0.460  -0.110  -1.437  -3.070  1.170  1.279  -0.207  











with Fertilizer without Fertilizer 
Coefficient T-stat Coefficient T-stat 
Constant 7.246  8.141  11.128  11.430  
Irrigation -0.060  -12.648  -0.088  -16.434  
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Output and Inputs Share of Regions 
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Figure 4. Fertilizer Usage – Belize 
 
 










Fertilizer Usage - all countries 
BA BE CR CB DR ES GA 














Figure 5. Fertilizer Usage – Cuba 
 
 
*Cuba’s volatile fertilizer usage is thought to be related strongly to the collapse of the Soviet Union and Eastern Germany (Earthtrends) 
 



























Figure 7. Fertilizer Usage – Trinidad&Tobago 
 
 





















































TFP Growth Rate (%) -- OLS 1 









TFP Growth Rate (%) -- OLS2 













   
        
        
        
        
        
        
        
        






   
        
        
        
        
        
        
        
        
        







        
        
        
        
        
        
        
        
        
        
        






     
        
        
        
        
        
        
        
        
         
 
 



































































































































































































































































































































































































































































        
        
        
        
        
        
        
        
        
        

















































       
       
       
       
       
       
       






   
 
 
      
       
       
       
       
       
       
       
       







       
       
       
       
       
       
       
       
       
       







       
       
       
       
       
       
       
       
       
       
       
































































































































































































































































































































































































































































       
       
       


















































Figure 13. TFP Growth Rate per region of each decade, OLS without fertilizer 
 
 












Central America the Caribbean 
TFP Growth Rate (%) -- OLS1: Two Regions 










Central America the Caribbean 
TFP Growth Rate (%) -- OLS2: Two Regions 





















TFP Growth (%) -- Frontier1 












TFP Growth (%) -- Frontier2 









      





       
       
       
       
       
       
       







       
       
       
       
       
       
       
       
       







      
       
       
       
       
       
       
       
       
       







     
     
     
     
     
     
     
     
     
      
 
 




























































































































































































































































































































































































































































       
       
       
       
       
       
       
       
       
       


















































       
       
       
       
       
       
       
       
    
 





    
       
       
       
       
       
       
       
       







       
       
       
       
       
       
       
       
       
       







       
       
       
       
       
       
       
       
       
       
       


























































































































































































































































































































































































      
       
       
       


























































































































Central America the Caribbean 
TFP Growth (%) -- Frontier1: Two Regions 











Central America the Caribbean 
TFP Growth (%) -- Frontier2: Two Regions 





















TFP Growth (%) -- Malmquist1 









TFP Growth (%) -- Malmquist2 














   
         
         
         
         
         
         
         






   
         
          
 
 
        
         
         
         
         
         
         
         
     
 
   
         
         
         
         
         
         
         
         
         
         
         
         
     
 
   
         
         
         
         
         
         
         
         
         
         
































































































































































































































































































































































































   
 
     
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         







































































































    
 
   
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         





































































































































































































































































































































































































      
         
         
         
         
         
         
         
         
         
         
         
         
         





















































































































Central America the Caribbean 
TFP Growth (%) -- Malmquist1: Two Regions 












Central America the Caribbean 
TFP Growth (%) -- Malmquist2: Two Regions 
























TFP Growth(%) - 3 methods (1) 









TFP Growth(%) - 3 methods(2) 



















TFP Index(1977=1) - 3 methods (1) 










TFP Index(1977=1) - 3 methods (2) 
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TFP Growth per decade (2) 
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Figure 35. TFP Growth Rate per country, Stochastic Frontier without fertilizer 
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Figure 37. TFP Growth Rate per country, Malmquist Index without fertilizer 
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Output Distance Function Estimation by Incorporating CO2 Emission from Land 
Use Change in Central America and the Caribbean 
Introduction 
According to Houghton (1991), the concentration of CO2 has increased in the last 
two centuries and most of the increase is thought to have come from deforestation. The 
possible causes of tropical deforestation vary, though many studies suggest a strong 
correlation with the expansion of agricultural production. Geist and Lambin (2002) name 
shifting cultivation, population growth, and agricultural expansion as possible causes of 
tropical deforestation.  Among them, agricultural expansion seems to provide a good 
explanation for deforestation in Central America and the Caribbean. For instance, 
Kaimowitz (1996) reported a relationship between cattle production and deforestation in 
Central America. The article included all Central American countries except for El 
Salvador and Belize, and suggested that tropical Latin America experienced significant loss 
of forest between 1950 and 1986 in response to several factors related to the cattle industry 
such as favorable markets for livestock products. The majority of deforested land is 
converted into pasture or cropland. A report by the Intergovenmental Panel on Climate 
Change (IPCC) also suggests that deforestation in the Latin American regions is 
responsible for approximately 50% of the total greenhouse gas (GHG) emission from the 
region. The forest areas are lost and converted to pasture and livestock production (Parry et 
al (2007)).  
The Caribbean has lost the majority of its forest lands for sugar cane plantation 
(Watts 1995). Historically, deforestation in the Caribbean was more obvious during the 




deforestation in the 1950’s, 1960’s 1970’s and early 1980’s. Lewis and Coffey (1985) 
report that Haiti’s forest land cover declined from 100 percent to as low as 12 percent from 
1956 to 1984. Such deforestation activities continued to decrease agricultural productivity 
growth in Haiti because of degradation of land as a result. Soil erosion caused from 
deforestation forces the soil to lose moisture and its potential to keep moisture. A study 
done by Lugo, Schmidt and Brown (1981) suggested that some regions in the Caribbean, 
namely Puerto Rico, Cuba, Haiti, and the Dominican Republic, lost significant amount of 
forest land since the 1920s. Brothers (1997) conducted a case-study to examine 
deforestation in Los Limones, the Dominican Republic, and suggested that deforestation in 
this particular region of the country is mainly driven by logging as well as urbanization, 
agricultural invasion and expansion of pasture lands. Recently, Searchinger et al. (2008) 
suggested that there have been increasing concerns regarding forest destruction due to an 
increase in agricultural crop production especially for the biofuel industry.   
Conserving the ecosystems in Central America and the Caribbean is perhaps as 
important as the South American Amazon forest ecologically in terms of preserving earth’s 
biological diversity because the Central American and the Caribbean regions are home to 
abundant natural resources. Gentry (1992) mentions tropical forests have the richest 
ecosystems on earth in terms of the number of animal and plant species. Therefore, 
conservation activities of such rich biodiversity in the regions, where tropical forests are 
located, are crucial for preserving earth’s variety of living organisms. The Caribbean also 
has a rich ecosystem. Out of 120 life zones present in the world, about 30 exist in the 
Caribbean, which holds a diverse fauna and flora (Lugo, Schmidt and Brown (1981)).   
The purpose of this chapter is to include, in the productivity growth estimation, 




land areas due to expanded agricultural production. An output distance function is 
estimated in order to assess the impact of CO2 emissions on agricultural productivity 
growth rates in the regions by comparing the normal frontier function estimation.  
Literature Review 
 Taking environmental bads into account in estimating productivity growth is 
somewhat challenging as such externalities are generally not captured in the market 
through prices. Researchers have tried different methods to achieve such productivity 
estimations with bads. One of the first studies was done by Pittman (1983), who estimated a 
productivity index adjusted for undesirable outputs by incorporating the shadow prices of 
the “bad”. After the attempt by Pittman, a number of economists developed different 
methods in order to include such undesirable outputs in a production function. For instance, 
data envelopment analysis (DEA) was adopted by Fare et al. (1989) in order to analyze 
productivity non-parametrically by modifying the assumption of strong disposability of 
undesirable outputs and treating undesirable and desirable outputs asymmetrically. Fare et 
al. (1993) take a similar approach assuming weak disposability of the undesirable output. In 
order to approximate the production function, the authors estimated a translog output 
distance function, which imposes homogeneity of degree one in outputs. Among the 
studies done recently, Rezek and Perrin (2004) estimated an output distance function 
adjusted to account for pesticides and nitrogen effluents discharge into the environment by 
using a translog distance function. Another study done by Hoang and Coelli (2009) 
constructed a so-called “Nutrient-oriented total factor productivity (NTFP)” to measure the 
environmental pollution in terms of nutrients balance through an input-oriented distance 
function.   




estimations including and excluding such environmental bads, is that productivity growth 
in the agricultural sector might be overestimated in the absence of environmental bads. For 
instance, Shaik (1998) utilized a non-parametric approach to derive environmentally 
adjusted productivity (EAP) measures for Nebraska agriculture from 1936 to 1994. By 
incorporating six categories of agricultural outputs, five categories of inputs, and three 
categories of environmental bads, the study compared EAP with the traditional 
Tornquist-Theil TFP and found that the EAP growth rate is lower than the Tornquist-Theil 
TFP growth rates. Also, Rezek and Perrin (2004) adjusted agricultural productivity 
measurement of the Great Plains states from 1960 to 1996 with respect to the discharge of 
pesticide and fertilizer into the ecosystem. Their major finding was that the 
environmentally-adjusted measurement suggests slower rates of technological growth in 
the earlier estimation period followed by improvement in the environmentally-adjusted 
technological change during the later period.   
Another study done by Nanere et al. (2007) examines the Australian agricultural 
sector taking soil erosion into account in productivity assessment. The findings suggest that 
the productivity performance of the Australian agricultural sector can be higher or lower 
depending on the assumptions made on estimation methods. Hailu and Veeman (2001) used 
a non-parametric DEA approach to estimate EAP of the Canadian pulp and paper industry 
and found that the productivity measurement that ignores changes in pollutant understates 
productivity growth in the industry. The EAP credits not only an increase in desirable 
outputs but also a decrease in undesirable outputs and the pollutant abatement activities 
undertaken by the mills. Reinhard, Lovell, and Thijssen (1999) treated Nitrogen surplus as 
an environmental bad from Dutch dairy farms and estimated a translog output-oriented and 




environmental efficiency, respectively.  They found that the achievement of Dutch dairy 
farms was high in technical efficiency but relatively low in environmental efficiency. From 
these studies, the estimation results of EAP can be expected to be different from the 
conventional TFP measurement.   
This analysis tries to capture the impacts of the CO2 emissions from land use 
change due to expanding the agricultural lands in the productivity measurement context. It 
follows the output distance function approach utilized by some of the studies that estimated 
EAP in order to assess the impacts of CO2 emissions as an environmental bad on the 
growth of TFP in the Central American and the Caribbean regions.  
Model  
This chapter applies a parametric technique to examine the growth of TFP 
accounting for the level of CO2 emissions in the agricultural sector. The analysis is based 
on the Stochastic Frontier Analysis (SFA) approach by Rezek and Rogers (2008) except 
that this thesis utilizes the translog functional form instead of the Cobb-Douglas form that 
they used in their study. Fulginiti (2010) notes that the translog form has been widely used 
in the distance function context by a number of studies in the past.  This analysis refers to 
the study done by Coelli and Perelman (2000) and Perelman and Pestieau (1994) in 
presenting the translog specification.  
The output distance function captures an economy’s performance in a 
multiple-outputs and multiple-inputs environment by transforming a set of inputs into a set 
of outputs. Shepherd (1970) discusses an output distance function that expresses the 
technology to make such transformations possible. It measures the maximum distance, θ, 




under the given technology. The mathematical expression of the output distance function is 
as below. (1) 𝐷 (𝑥, 𝑦): min (𝜃 ∶ 𝑦
𝜃
𝜖 𝑃(𝑥)) 
Given the level of inputs, the distance function measures the largest feasible output level 
and compares the ideal output level to the actual observed output level. Any points inside 
the production possibility frontier (PPF) or P(x) in the equation are considered to be 
inefficient. 
As in Rezek and Rogers (2008), Equation (1) generates an efficiency measure 
such that (2) 𝜃 = 𝐷(yd, yu, x, t) 
where yd is the desirable output, yu is the undesirable output, x is an input vector, and t is 
time as a proxy of technology. By following their procedure, this analysis obtains an output 
distance function where the desirable output is expressed as a function of undesirable 
output, inputs, technology, and efficiency. This can be expressed as  (3) yd = 𝐷(yu, x, t, θ) 
In words, this equation suggests that the agricultural output depends on the level of CO2 
emissions, inputs, the sector’s technology and efficiency.   
The total differentiation of Equation (3) gives 
(4) 𝑑yd = ∂D∂yu dyu +  ∂D∂x dx + ∂D∂t dt +  ∂D∂θ dθ 
The authors decompose Equation (4) to obtain the scale effect, the composition effect, and 
the productivity effect. The last component, the productivity effect, is discussed more in 
this thesis since it is the main interest of the analysis. The third term in Equation (4) 
captures the change in desirable output growth due to technological change (TC) while the 
fourth term in Equation (4) represents the change in output growth due to efficiency change 




(5) 𝑇𝐹𝑃 = 𝑇𝐶 + 𝐸𝐶 =  ∂D
∂t dt +  ∂D∂θ dθ  
A general expression of a distance function is as follows. 
(6)D∗ = α0 +  α′d∗ +  12 d∗Γd∗ 
where D∗ =  D yu�  and d∗ = �ydyuxz� where α0, α′, and Γ are parameters to be estimated, 
and z is a K vector of so-called “efficiency changing variables”, which could capture 
heterogeneity across countries due to exogenous conditions such as the political 
environment. As seen both in Rezek and Rogers (2008) and Fulginiti (2010), this analysis 
divides the desirable output by the undesirable output in order to impose one of the 
properties of the output distance function, that is, homogeneity of degree 1 in outputs.  
Coelli and Perelman (2000) express their translog specification approach in an 
M-outputs and K-inputs context as follows. 
(7) 𝑙𝑛 �DOiyMi� = α0 + � αmlnymi∗M−1
m=1













  i = 1, 2, … , N 
where i is the ith firm. As noted in Puentes et al (2001),   (8) – ln yd = f �x, yuyd , t;  θ� − lnDO(x, yu) where −lnDO(x, yu) can be considered as an 
error term to measure inefficiency. In the context of this analysis, Equation (7) and (8) can 




(9) − lnyd =  α0 +  α1ln �yuyd� +  12α2ln �yuyd�2 + �βklnxki5
k=1
+  12 ��βkIlnxkilnxIi5
k=1
5




ln �yuyd� + γ1ln �yuyd� t +  � γtmlnxmitt5
m=1
+  ε1t+  12 ε2 t2       + vit −  uit 
where yd is the desirable output, yu is CO2 emission, xki is the input quantities of the ith 
country, m is the number of output, k and l are the five “traditional” agricultural inputs, and 
α, β, δ, γ, and ε are parameters to be estimated. The error term has two separate 
components, that is, vit −  uit. As in the regular translog specification method, vit is a 
random variable which is assumed to be iid N(0,σv2) and independent of uit. uit is the 
one-sided, non-negative random variable which is assumed to be truncated at zero and 
distributed iid N(ηit,σ𝑈2 ). This error term accounts for technical inefficiency in production 
and it is −lnDO(x, yu) in this analysis.   
Data 
An output distance function is estimated in this chapter using one output and five 
conventional agricultural inputs as in the first chapter. This analysis utilizes the data set 
organized by Fuglie (2008) who developed the data set after obtaining the original data 
from the Food and Agricultural Organization of the United Nations (FAO). The analysis 
was done for the period 1991 and 2006. 
The construction of CO2 emission data needs explanation. Seachinger et al. 
(2008) is one of the first studies that recognized the importance of CO2 emissions from 
changes in forest land areas due to agriculture. The authors estimated CO2 emission in 
response to an increase in biofuel production. They estimated the amount of carbon that 
will be released from converting different types of natural ecosystems to agricultural land 




method for this chapter of the thesis closely follows what the article did. 
First, it is necessary to determine how much forest land has been converted to 
agricultural land. The article by Searchinger et al. (2008) compares increases in cropland 
with losses in forest land. For instance, if there is an increase in cropland as well as a loss in 
forestland area, the authors assume that the forest was lost in order to expand cropland. If 
there is an increase in cropland yet no decrease in forestland, they assumed that the increase 
in cropland came from converting pastureland into cropland. In this analysis, the total land 
area includes both cropland and pastureland. Therefore, such a conversion between 
cropland and pastureland as seen in the article by Searchinger cannot be made. Thus, the 
assumption for this analysis is that, if there is an increase in agricultural land and a loss in 
forestland area, the forest was lost due to expansion of agricultural land. When there is an 
increase in agricultural land without a loss in forestland area, it is assumed that the increase 
in agricultural land came from “other land”, which might include urban areas, unused areas, 
and so on. For example, in 1991, Costa Rica increased its agricultural land by 5,000 Ha 
while its forest decreased by 18,800 Ha. Therefore, the area deforested as a result of 
agricultural expansion was identified as 5,000 Ha. On the other hand, Belize increased its 
agricultural land by 4,000 Ha while there was no change in forest land. In such a case, the 
increase in agricultural land was believed to have come from “other land” and therefore, 
ignored from the process of identifying the deforested land area. Areas deforested as a 
result of agricultural expansion are presented in Table 3.   
After determining the area of deforestation due to expansion of agricultural land, 
we need to identify how much CO2 has been emitted through the land use change. 
Seachinger estimated the amount of carbon theoretically emitted from conversion of 




Appendix D in their article, the authors show what percentage of each ecosystem will be 
cleared and how much carbon will be emited from clearing. Since the numbers are 
calculated based on all Latin America including South America, the types of ecosystem 
found in Central America may not be well represented in Seachinger’s estimation. As seen 
in Table 2, the estimation includes tropical evergreen forest, tropical seasonal forest, 
tropical open forest, temperate evergreen forest, temperate seasonal forest, grassland and 
desert. One might wonder whether the proportion of each ecosystem is applicable to the 
Central America and the Caribbean regions. According to some scientific studies, however, 
there exist some areas where the flora and fauna are desert-like in some parts of Central 
America and the Caribbean (Latta and Faaborg, 2001, Pons, 1995). Also, the proportion of 
other types of ecosystem can be supported by some reports by United Nations 
Environmental Programme (UNEP), FAO and University of California-Berkeley. 
Considering such supportive information as well as the fact that the definition of ecosystem 
varies greatly based on studies, this thesis utilizes the exact proportion of each ecosystem 
suggested by Searchinger in calculating the potential amount of CO2 emissions from land 
use change. In summary, the theoretical carbon emissions of each country in each year is 
calculated as follows: (10) CO2 emissionit = (Deforested Area in Hait)
∗ � (% of ecosystemv)7
v=1
∗ (the amount of Carbon emitted from conversionv)� 
where i represents each region, t is each year, and v is types of vegetation. The constructed 
data are presented in Table 4. 




many years as a part of the global carbon cycle (Folger, 2007). Such a characteristic can be 
treated as accumulation of capital in the form of investment as in the Macroeconomics 
literature (Miles and Scott, 2005). In other words, we recognize the fact that CO2 in the 
atmosphere will not disappear quickly once it is generated. Therefore, this analysis simply 
adds the calculated CO2 emission from land conversion over the years to get accumulated 
CO2 emission for each country by using the following equation: (11) CO2it = CO2i (t−1) + Iit −  Dit 
where I is investment and D is depreciation of the capital. In this case, investment is defined 
as an increase in carbon emission due to deforestation in a specific year while depreciation 
in all years is zero since the assumption is that atmospheric CO2 will stay unchanged in the 
short run. When constructing the data, the zero values, which imply no CO2 emission from 
deforestation due to land use change, are noted as 0.01 since the production function is 
estimated using logarithms and the logarithm of zero is not defined. The final data set is 
presented in Table 5.  
Table 6 presents CO2 emissions data collected from Millenium Development 
Goals Indicators (MDGS) in order to compare the calculated amount of emissions to the 
countries’ total emissions. Unlike the constructed CO2 emissions data from land use 
change, the emissions data from MDGS is not a stock of capital, which can be seen as 
numbers in some years are less than the previous years.  
Results 
The results of EAP and TFP with and without fertilizer are presented in order to 
make comparisons between the analyses that include the undesirable output and the ones 
that do not. From all comparisons, it is clear that there is a significant difference.   




respectively. All the input elasticities for the aggregate of all regions are positive except for 
the livestock variable in the estimation of frontier function including fertilizer and output 
distance function excluding fertilizer. In terms of efficiency variables, the expectation is 
that both coefficients for irrigation rate and life expectancy would be negative since more 
of each “inputs” reduce inefficiency or increase efficiency, which is represented by 
negative coefficients. All estimations meet the expectation except the irrigation rate 
coefficient in the output distance function including fertilizer, which is not statistically 
significant.   
In terms of TFP growth rates, Table 8 presents average TFP growth rates of each 
region. On average, the estimation including the fertilizer variable suggests higher 
productivity growth rates in the translog production function estimation than output 
distance function while the estimation excluding fertilizer shows the opposite. The 
graphical presentation of the output distance function and frontier function including 
fertilizer can be found in Figure 4 and 5, respectively. It shows that Puerto Rico’s TFP 
growth has been always low compared to other nations. What is more, as can be seen in 
Figure 4, the overall trend of most countries is downward over the estimation period in 
comparison to Figure 5, which shows an upward trend in most countries over the estimation 
period. The indexes of both methods also suggest quite different results. Haiti has been the 
biggest concern in terms of TFP growth by the translog production function estimation but 
the output distance function suggests that Puerto Rico brings more concern. This result is 
surprising considering the fact that Haiti has one of the highest deforestation rates in Latin 
America. One possible explanation might lie in the construction of CO2 emission data. 
FAOSTAT reports that there has been no decrease in forest land in Haiti since 1990, which 




1990s. Therefore, our constructed data show no CO2 emission from Haiti due to 
agricultural production. This might be why Haiti’s TFP growth performance seems better in 
the output distance function estimation than in the production function estimation.  
The expectation is that the estimations including CO2 emission would suggest 
lower productivity growth. This expectation is supported in the analyses that include 
fertilizer. Despite this expectation, however, when the fertilizer variable was excluded, the 
estimation of output distance function shows relatively similar results to translog 
production function. Moreover, the indexes, when compared, suggest that the average TFP 
growth seems lower when CO2 emission was not taken into account, which is 
contradictory to the expectations.   
Such an observation becomes more obvious when the averages of all countries are 
compared in Figure 16 and 17. Figure 16 presents the average TFP growth rates with 
fertilizer while Figure 17 presents the TFP growth rates without fertilizer. The estimations 
including fertilizer show that the productivity growth has indeed been slower when CO2 
emissions are taken into account compared to the normal production function estimation. In 
the early and middle 1990s, the estimation including CO2 emission shows a higher TFP 
growth rates. At 1998, however, the trend was reversed and the estimation with CO2 
emission started to show declining TFP growth rates. In contrast, the estimations without 
fertilizer suggest the output distance function including CO2 shows more fluctuations in 
terms of TFP growth rates and the index of TFP including CO2 is higher than that without 
CO2 in all years.   
It is important to note that this estimation treats the diserable output and 
undiserable output equally. In other words, any preference toward the diserable output is 




valued more than the undesirable output since it increases welfare of the society, the 
estimation results might have been different. Incorporating such adjustments in terms of the 
society’s preferences can be the next step for improvement. 
Table 10 decomposes the growth rates of the entire period into two time periods; 
1992-2000 and 2001-2006. Figure 20 and 21 show a clear difference between the two 
estimations with and without fertilizer. From Table 10, it is clear that the simple output 
growth rate on average is higher in the first period than the second period. Despite the fact, 
the estimated EAP growth rates for the first period including fertilizer is lower on average 
than the second period while the opposite is observed in the estimation excluding fertilizer.   
Conclusions 
The second chapter of this thesis presented a comparison between two estimations 
of total factor productivity growth in Central America and the Caribbean regions from 1991 
to 2006; one includes CO2 emissions due to forest conversion to agricultural land while the 
other does not. This is important since there have been many cases where forests are lost in 
order to expand agricultural production. Considering the ecological significance of tropical 
forests located in the regions, this could have a significant impact on the level of 
atmospheric CO2. The growing markets for biofuel might accelerate the rate of 
deforestation which would have significant implications for the well-being of earth’s 
ecosystem. 
An output distance function was estimated in order to see the impacts of CO2 
emission through the agricultural sector by treating emissions as an undesirable output. It is 
a multiple-inputs, multiple-outputs environment where a given set of inputs in the 
agricultural sector produces two outputs; desirable output (the sum of agricultural 




expand agricultural lands).   
The results suggest a few contradicting observations. As in the first chapter, the 
fertilizer variable was included in the first estimation while it is excluded in the second. The 
estimation results including fertilizer support the expectation that including CO2 emissions 
as an environmental bad indeed shows a lower productivity growth than when CO2 
emissions are not taken into account. The estimations excluding fertilizer, on the other hand, 
shows that including CO2 emissions in the production set actually enhances productivity 
growth when compared to the production function estimation. Interestingly, the output 
distance function suggests that Puerto Rico’s performance is the worst among all regions 
while Haiti, which has had the lowest rates of TFP growth, is no longer a major concern.   
The results obtained in this chapter are merely preliminary and need 
improvements. The construction of CO2 emissions data has potential of such 
improvements as well as other econometric estimation methods can be applied in order to 
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Table 1. Descriptive Statistics: 1991-2006 
 
 
All Regions Mean Max Min SD 
Output 845,133.88  3,021,557.00  12,700.82  704,749.32  
Labor  580.83  2,261.55   5.00   623.28  
Fertilizer 72,111.40  365,000.00  200.00   71,244.61  
Tractor 8,565.72  76,621.00  98.00  18,867.19  
Livestock 2,088,779.94  6,857,556.88  21,947.25  1,694,200.98  
Land 2,286.63  6,775.00  12.00  2,002.33  
 
Bahamas Mean Max Min SD 
Output 17,823.53 23,069.62 12,700.82 3,371.66 
Labor 5.59 6.00 5.00 0.49 
Fertilizer 475.00 800.00 200.00 264.58 
Tractor 117.06 128.00 98.00 8.09 
Livestock 38,469.11 63,487.50 21,947.25 11,038.54 
Land 12.81 14.00 12.00 0.98 
 
Belize Mean Max Min SD 
Output 104,092.58  134,700.55  63,724.90  21,949.05  
Labor 24.73  29.70  20.00  2.97  
Fertilizer 8,157.06  29,956.00  3,300.00  7,951.77  
Tractor 1,146.88  1,150.00  1,100.00  12.50  
Livestock 89,225.30  105,656.50  74,070.38  9,048.46  
Land 146.81   152.00  130.00   6.25  
 
Costa Rica Mean Max Min SD 
Output 1,475,782.31  1,765,679.67  1,182,582.00  174,986.53  
Labor 320.52  327.40  309.00   6.28  
Fertilizer 146,202.92  199,000.00  107,500.00   29,660.66  
Tractor 6,968.75  7,000.00  6,500.00  125.00  
Livestock 1,949,781.25  2,533,987.50  1,538,625.00  345,014.17  
Land 2,863.15  2,905.38  2,840.00  18.93  
 
Cuba Mean Max Min SD 
Output 2,379,181.77  3,021,557.00  1,874,792.00  381,093.50  
Labor 787.45  856.00  696.22  51.00  
Fertilizer 156,060.97  365,000.00  33,700.00  92,376.69  




Livestock 6,135,111.10  6,857,556.88  5,495,437.50  469,554.45  
Land 6,654.50  6,775.00  6,528.00  68.60  
 
Dominican Republic Mean Max Min SD 
Output 1,396,924.55  1,538,730.63  1,283,443.00  73,031.69  
Labor 599.28  676.00  522.41  49.38  
Fertilizer 90,983.50  108,900.00  70,935.98  9,712.54  
Tractor 1,999.25  2,300.00  1,868.00  154.66  
Livestock 3,747,725.75  4,037,159.00  3,343,237.63  194,512.55  
Land 3,444.10  3,490.00  3,418.00  30.95  
 
El Salvador Mean Max Min SD 
Output 744,507.57  853,562.73  675,774.20  45,579.38  
Labor 769.40  808.43  716.00  30.64  
Fertilizer 71,506.12  94,400.00  53,100.00  12,816.32  
Tractor 3,429.38  3,430.00  3,420.00  2.50  
Livestock 1,544,855.21  1,749,015.25  1,336,134.25  120,239.44  
Land 1,632.25  1,704.00  1,468.00  80.16  
 
Guatemala Mean Max Min SD 
Output 1,866,295.68  2,149,679.41  1,515,005.00   212,834.49  
Labor 1,769.40  1,960.38  1,622.00  105.47  
Fertilizer 188,721.70  236,847.21  143,200.00  24,789.79  
Tractor 4,295.00  4,300.00  4,220.00  20.00  
Livestock 3,071,140.80  3,436,872.00  2,680,987.50  172,067.49  
Land 4,536.96  4,660.40  4,285.00  115.38  
 
Haiti Mean Max Min SD 
Output 642,293.94  675,982.10  600,588.60  21,300.74  
Labor 2,109.41  2,261.55  1,973.00  90.35  
Fertilizer 10,063.56  14,429.00  2,900.00  4,310.98  
Tractor 146.06  180.00  135.00  12.88  
Livestock 2,696,699.53  2,972,312.50  2,239,625.00  251,901.14  
Land 1,591.31  1,596.00  1,590.00  2.36  
 
Honduras Mean Max Min SD 
Output 1,128,468.29  1,549,169.13  836,264.20  255,901.47  
Labor 752.43  788.83  702.00  27.50  
Fertilizer 88,629.19  180,500.00  29,500.00  50,219.57  
Tractor 5,099.00  5,300.00  4,650.00  208.94  
Livestock 2,795,079.83  3,180,005.50  2,363,889.75  263,900.41  







Jamaica Mean Max Min SD 
Output 400,089.12  434,975.80  341,254.80  21,365.69  
Labor 262.15  275.00  245.40  9.43  
Fertilizer 19,367.69  26,518.00  781.00  7,065.32  
Tractor 3,079.38  3,080.00  3,070.00  2.50  
Livestock 680,346.72  701,937.50  648,100.00  17,735.02  
Land 507.75  513.00  476.00  12.64  
 
Nicaragua Mean Max Min SD 
Output 710,000.45  985,724.55  510,672.60  170,987.11  
Labor 396.94  407.00  382.02  8.96  
Fertilizer 32,276.21  66,919.32  17,700.00  11,404.00  
Tractor 2,821.88  3,000.00  2,650.00  139.01  
Livestock 3,675,897.27  4,149,200.00  3,044,550.00  369,949.57  
Land 4,819.21  5,372.32  4,060.00  463.11  
 
Panama Mean Max Min SD 
Output 578,604.18  623,660.02  515,564.70  35,001.85  
Labor 248.63  251.00  246.00  1.67  
Fertilizer 29,694.69  44,300.00  17,008.00  7,410.84  
Tractor 7,051.44  8,100.00  5,047.00  1,126.71  
Livestock 1,886,399.77  2,051,575.00  1,751,450.00  102,865.04  
Land 2,177.94  2,230.00  2,132.00  43.69  
 
Puerto Rico Mean Max Min SD 
Output 285,081.05  350,532.80  237,658.48  34,454.72  
Labor 35.92  51.00  23.80  8.60  
Fertilizer 159,787.92  199,436.62  117,657.15  24,830.87  
Tractor 2,889.69  3,085.00  2,552.00  177.25  
Livestock 623,864.57  842,260.50  533,053.00  70,984.36  
Land 280.42  420.00  222.00  63.31  
 
Trinindad&Tobago Mean Max Min SD 
Output 102,729.27  130,116.80  83,453.62  11,271.91  
Labor 49.83  52.00  46.36  1.79  
Fertilizer 7,633.11  19,129.75  4,400.00  3,614.21  
Tractor 4,864.94  5,130.00  4,500.00  222.27  
Livestock 308,323.01  449,825.00  219,591.25  84,138.72  






Table 2. Ecosystem Sources of Conversion to Cropland in 1990s and Associated 
Changes in Carbon (Searchinger et al) 
Ecosystem TROPEF TROPSF TROPF TEMPEF TEMPSF Grassland Desert 
Clearing by 
ecosystem 
(million ha/yr) 0.677 4.8716 10.3022 0.677 0.1616 5.3077 0.1136 
clearing by 
ecosystem (%) 3% 22% 47% 3% 1% 24% 1% 
C in Vegetation 
(tonnes C/ha) 200 140 55 168 100 10 6 
25% of C in soils 
(tonnes C/ha) 24.5 24.5 17.25 33.5 33.5 10.5 14.5 
Subtotal (3+4) 
(tonnes C/ha) 224.5 164.5 72.25 201.5 133.5 20.5 20.5 
TROPEF: tropical evergreen forest, TROPSF: tropical seasonal forest, TROPF: tropical open 




Table 3. Deforested Forestland Areas due to the Expansion of Agricultural Lands (1000 Ha) 
 
BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 0.0  0.0  5.0  14.0  0.0  5.1  0.0  0.0  22.0  0.0  35.0  6.9  0.0  0.0  
1992 0.0  0.0  5.0  20.0  0.0  5.1  0.0  0.0  13.0  0.0  60.0  6.9  0.0  0.7  
1993 0.0  0.0  0.0  0.0  0.0  5.1  54.0  0.0  193.0  0.4  70.0  0.0  0.0  0.0  
1994 0.0  0.0  18.8  0.0  0.0  5.1  30.0  0.0  0.0  0.4  30.0  0.0  0.0  0.0  
1995 0.0  0.0  0.0  0.0  0.0  5.1  0.0  0.0  0.0  0.0  99.9  0.0  0.0  0.0  
1996 0.0  0.0  0.0  0.0  0.0  5.1  0.0  0.0  0.0  0.0  99.9  0.0  0.0  0.0  
1997 0.0  0.0  0.0  0.0  0.0  0.0  10.0  0.0  0.0  0.0  99.9  6.9  0.0  0.0  
1998 0.0  0.0  0.0  0.0  0.0  5.1  10.0  0.0  0.0  0.0  93.0  6.9  0.0  0.0  
1999 0.0  0.0  18.8  0.0  0.0  5.1  10.0  0.0  0.0  0.0  93.0  6.9  0.0  0.0  
2000 0.0  0.0  0.0  0.0  0.0  5.2  25.0  0.0  0.0  0.0  99.9  6.9  0.0  0.0  
2001 0.0  0.0  0.0  0.0  0.0  5.2  30.0  0.0  1.0  0.0  46.0  2.6  0.0  0.0  
2002 0.0  0.0  0.0  0.0  0.0  0.0  30.0  0.0  0.0  0.0  51.0  0.0  0.0  0.0  
2003 0.0  0.0  0.0  0.0  0.0  0.0  25.0  0.0  0.0  0.0  45.0  0.0  0.2  0.0  
2004 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  45.0  0.0  0.0  0.0  
2005 0.0  0.0  0.0  55.6  0.0  0.0  0.0  0.0  0.0  0.0  45.0  0.0  0.2  0.0  
















Table 4. CO2 Emissions from Forest Conversion to Agricultural Lands calculated from Deforested Land Areas (tones of carbon) 
CO2 BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 0.00 0.00 459,129.35  1,285,562.18  0.00 468,311.94  0.00 0.00 2,020,169.14  0.00 3,213,905.45  633,598.50  0.00 0.00 
1992 0.00 0.00 459,129.35  1,836,517.40  0.00 468,311.94  0.00 0.00 1,193,736.31  0.00 5,509,552.20  633,598.50  0.00 64,278.11  
1993 0.00 0.00 0.00 0.00 0.00 468,311.94  4,958,596.98  0.00 17,722,392.91  36,730.35  6,427,810.90  0.00 0.00 0.00 
1994 0.00 0.00 1,726,326.36  0.00 0.00 468,311.94  2,754,776.10  0.00 0.00 36,730.35  2,754,776.10  0.00 0.00 0.00 
1995 0.00 0.00 0.00 0.00 0.00 468,311.94  0.00 0.00 0.00 0.00 9,173,404.41  0.00 0.00 0.00 
1996 0.00 0.00 0.00 0.00 0.00 468,311.94  0.00 0.00 0.00 0.00 9,173,404.41  0.00 0.00 0.00 
1997 0.00 0.00 0.00 0.00 0.00 0.00 918,258.70  0.00 0.00 0.00 9,173,404.41  633,598.50  0.00 0.00 
1998 0.00 0.00 0.00 0.00 0.00 468,311.94  918,258.70  0.00 0.00 0.00 8,539,805.91  633,598.50  0.00 0.00 
1999 0.00 0.00 1,726,326.36  0.00 0.00 468,311.94   918,258.70  0.00 0.00 0.00 8,539,805.91  633,598.50  0.00 0.00 
2000 0.00 0.00 0.00 0.00 0.00 477,494.52  2,295,646.75  0.00 0.00 0.00 9,173,404.41  633,598.50  0.00 0.00 
2001 0.00 0.00 0.00 0.00 0.00 477,494.52  2,754,776.10  0.00 91,825.87  0.00 4,223,990.02  238,747.26  0.00 0.00 
2002 0.00 0.00 0.00 0.00 0.00 0.00 2,754,776.10  0.00 0.00 0.00 4,683,119.37  0.00 0.00 0.00 
2003 0.00 0.00 0.00 0.00 0.00 0.00 2,295,646.75  0.00 0.00 0.00 4,132,164.15  0.00 18,365.17  0.00 
2004 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4,132,164.15  0.00 0.00 0.00 
2005 0.00 0.00 0.00 5,105,518.37  0.00 0.00 0.00 0.00 0.00 0.00 4,132,164.15  0.00 18,365.17  0.00 
















Table 5. CO2 Emissions Data Constructed as Capital Stock 
 
 
BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 0.01  0.01  459,129.35  1,285,562.18  0.01  468,311.94  0.01  0.01  2,020,169.14  0.01  3,213,905.45  633,598.50  0.01  0.01  
1992 0.01  0.01  918,258.70  3,122,079.58  0.01  936,623.87  0.01  0.01  3,213,905.45  0.01  8,723,457.65  1,267,197.01  0.01  64,278.12  
1993 0.01  0.01  918,258.70  3,122,079.58  0.01  1,404,935.81  4,958,596.99  0.01  20,936,298.36  36,730.36  15,151,268.55  1,267,197.01  0.01  64,278.12  
1994 0.01  0.01  2,644,585.06  3,122,079.58  0.01  1,873,247.75  7,713,373.09  0.01  20,936,298.36  73,460.71  17,906,044.65  1,267,197.01  0.01  64,278.12  
1995 0.01  0.01 2,644,585.06  3,122,079.58  0.01  2,341,559.69  7,713,373.09  0.01  20,936,298.36  73,460.71  27,079,449.06  1,267,197.01  0.01  64,278.12  
1996 0.01  0.01  2,644,585.06  3,122,079.58  0.01  2,809,871.62  7,713,373.09  0.01  20,936,298.36  73,460.71  36,252,853.48  1,267,197.01  0.01  64,278.12  
1997 0.01  0.01  2,644,585.06  3,122,079.58  0.01  2,809,871.62  8,631,631.79  0.01  20,936,298.36  73,460.71  45,426,257.89  1,900,795.51  0.01  64,278.12  
1998 0.01  0.01  2,644,585.06  3,122,079.58  0.01  3,278,183.56  9,549,890.49  0.01  20,936,298.36  73,460.71  53,966,063.80  2,534,394.01  0.01  64,278.12  
1999 0.01  0.01  4,370,911.41  3,122,079.58  0.01  3,746,495.50  10,468,149.19  0.01  20,936,298.36  73,460.71  62,505,869.71  3,167,992.52  0.01  64,278.12  
2000 0.01  0.01  4,370,911.41  3,122,079.58  0.01  4,223,990.02  12,763,795.94  0.01  20,936,298.36  73,460.71  71,679,274.12  3,801,591.02  0.01  64,278.12  
2001 0.01  0.01  4,370,911.41  3,122,079.58  0.01  4,701,484.54  15,518,572.04  0.01  21,028,124.23  73,460.71  75,903,264.14  4,040,338.28  0.01  64,278.12  
2002 0.01  0.01  4,370,911.41  3,122,079.58  0.01  4,701,484.54  18,273,348.14  0.01  21,028,124.23  73,460.71  80,586,383.51  4,040,338.28  0.01  64,278.12  
2003 0.01  0.01  4,370,911.41  3,122,079.58  0.01  4,701,484.54  20,568,994.89  0.01  21,028,124.23  73,460.71  84,718,547.66  4,040,338.28  18,365.18  64,278.12  
2004 0.01  0.01  4,370,911.41  3,122,079.58  0.01  4,701,484.54  20,568,994.89  0.01  21,028,124.23  73,460.71  88,850,711.81  4,040,338.28  18,365.18  64,278.12  
2005 0.01  0.01  4,370,911.41  8,227,597.95  0.01  4,701,484.54  20,568,994.89  0.01  21,028,124.23  73,460.71  92,982,875.96  4,040,338.28  36,730.36  64,278.12  




















BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1990  1,951.00  312.00  2,955.00  33,337.00  9,570.00  2,618.00  5,086.00  994.00  2,592.00  7,964.00  2,644.00  3,135.00    16,958.00  
1991 1,782.00  359.00  3,337.00  29,630.00  10,135.00  3,230.00  5,053.00  997.00  2,699.00  8,173.00  2,068.00  3,392.00    21,047.00  
1992 1,793.00  356.00  3,791.00  31,335.00  11,205.00  3,428.00  6,017.00  909.00  3,076.00  8,096.00  2,490.00  4,015.00    20,984.00  
1993 1,716.00  378.00  3,953.00  29,344.00  11,939.00  3,890.00  5,658.00  664.00  2,849.00  8,415.00  2,303.00  4,129.00    16,819.00  
1994 1,720.00  374.00  5,269.00  32,197.00  12,676.00  4,429.00  6,838.00  301.00  3,337.00  8,631.00  2,556.00  4,781.00    19,851.00  
1995 1,731.00  378.00  4,866.00  25,656.00  16,104.00  5,280.00  7,165.00  942.00  3,879.00  9,702.00  2,838.00  3,472.00    20,966.00  
1996 1,731.00  308.00  4,748.00  26,957.00  17,545.00  4,895.00  6,651.00  1,093.00  3,960.00  10,197.00  2,926.00  4,880.00    21,780.00  
1997 1,742.00  389.00  4,987.00  24,603.00  18,238.00  5,760.00  7,597.00  1,423.00  4,158.00  10,630.00  3,135.00  5,958.00    19,228.00  
1998 1,793.00  370.00  5,317.00  24,442.00  18,682.00  5,812.00  8,752.00  1,232.00  4,649.00  9,728.00  3,421.00  5,947.00    19,316.00  
1999 1,797.00  601.00  5,522.00  25,274.00  18,869.00  5,698.00  8,928.00  1,331.00  4,741.00  9,772.00  3,626.00  5,669.00    22,814.00  
2000 1,797.00  689.00  5,474.00  26,037.00  20,115.00  5,742.00  9,915.00  1,368.00  5,031.00  10,318.00  3,843.00  5,790.00    24,512.00  
2001 1,797.00  711.00  5,760.00  25,450.00  20,233.00  5,947.00  10,285.00  1,591.00  5,713.00  10,626.00  4,015.00  7,007.00    25,021.00  
2002 2,083.00  744.00  6,325.00  26,074.00  21,498.00  6,039.00  10,982.00  1,683.00  5,969.00  10,307.00  4,019.00  5,834.00    26,888.00  
2003 1,870.00  781.00  6,860.00  25,436.00  21,531.00  6,380.00  11,004.00  1,668.00  6,428.00  10,729.00  4,327.00  6,153.00    27,694.00  
2004 2,009.00  792.00  7,106.00  24,240.00  19,969.00  6,178.00  11,557.00  1,756.00  7,410.00  10,534.00  4,290.00  5,757.00    27,837.00  
2005 2,108.00  818.00  7,278.00  24,871.00  19,892.00  6,292.00  11,869.00  1,767.00  7,784.00  10,164.00  4,154.00  5,980.00    30,954.00  







Table 7. Production Elasticities 
 
All Regions 
Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 0.360  0.290  0.330  0.423  
Fertilizer 0.191  0.129  NA NA 
Tractor 0.305  0.085  0.256  0.080  
Livestock 0.371  -0.019  -0.007  0.035  
Land 0.153  0.439  0.477  0.412  
Time 0.017  0.015  0.016  -0.003  
Sum 1.398  0.939  1.072  0.947  
 
Bahamas 
Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 1.125  0.546 0.899  -0.255 
Fertilizer 0.369  0.089 NA NA 
Tractor 0.773  0.053 0.559  0.513 
Livestock 0.330  0.426 0.410  0.624 
Land -1.675  -0.222 -0.943  -0.017 
Time 0.023  0.019 0.031  -0.009 
Sum 0.945  0.911  0.956  0.856 
 
Belize 
Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor -0.787  0.271 -1.222  -0.255 
Fertilizer 0.260  0.122 NA NA 
Tractor 0.447  0.173 0.054  0.262 
Livestock -0.177  -0.619 0.122  0.046 
Land 1.235  0.949 1.873  0.835 
Time 0.051  0.031 0.057  0.021 
Sum 1.029  0.928  0.884  0.908 
 
Costa Rica 
Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor -0.468  0.107 -0.218  0.511 
Fertilizer 0.344  0.244 NA NA 
Tractor 0.114  0.044 0.191  0.026 
Livestock -0.102  -0.361 -0.794  -0.404 
Land 1.442  0.889 1.819  0.688 
Time 0.019  0.021 0.034  0.012 








Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor -0.105  0.538 -0.286  0.593 
Fertilizer 0.192  0.164 NA NA 
Tractor -0.515  -0.045 -0.265  -0.371 
Livestock 0.085  -0.578 -0.109  -0.456 
Land 1.635  0.803 1.592  0.739 
Time 0.018  0.025 -0.006  0.001 




Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 0.005  0.148 -0.057  0.879 
Fertilizer 0.003  0.279 NA NA 
Tractor 0.830  0.084 0.686  0.179 
Livestock 0.241  0.223 -0.224  -0.233 
Land 0.868  0.243 0.993  0.252 
Time 0.018  0.013 0.011  -0.002 
Sum 1.967  0.990  1.408  1.074 
 
El Salvador 
Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 0.730  0.141 0.791  0.311 
Fertilizer 0.064  -0.046 NA NA 
Tractor 0.128  0.168 0.035  -0.045 
Livestock 0.955  0.040 0.507  0.344 
Land -0.530  0.617 -0.314  0.474 
Time 0.005  0.002 0.006  -0.012 
Sum 1.352  0.923  1.026  1.073 
 
Guatemala 
Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 0.391  0.020 0.459  0.451 
Fertilizer -0.010  -0.003 NA NA 
Tractor 0.254  0.215 0.100  -0.055 
Livestock 0.902  -0.038 0.339  0.184 
Land 0.043  0.753 0.223  0.567 
Time 0.009  0.002 0.009  -0.007 







Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 2.172  0.329 1.741  0.792 
Fertilizer -0.309  -0.020 NA NA 
Tractor 1.462  0.412 0.937  0.345 
Livestock 1.638  0.967 1.069  0.817 
Land -2.546  -0.635 -2.145  -0.240 
Time 0.015  -0.006 -0.012  -0.033 
Sum 2.431  1.048  1.590  1.681 
 
Honduras 
Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 0.464  0.253 0.557  0.560 
Fertilizer 0.210  0.125 NA NA 
Tractor 0.175  0.132 0.197  -0.017 
Livestock 0.468  -0.101 -0.251  -0.057 
Land 0.196  0.534 0.565  0.497 
Time 0.014  0.014 0.015  -0.003 
Sum 1.527  0.957  1.083  0.980 
 
Jamaica 
Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 0.912  0.380 0.703  0.142 
Fertilizer 0.066  -0.072 NA NA 
Tractor 0.062  0.122 -0.047  -0.041 
Livestock 0.907  0.027 0.873  0.465 
Land -0.780  0.435 -0.584  0.405 
Time 0.011  0.007 0.000  -0.015 
Sum 1.177  0.900  0.944  0.956 
 
Nicaragua 
Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 0.213  0.460 0.327  0.907 
Fertilizer 0.516  0.431 NA NA 
Tractor 0.579  0.149 0.675  0.217 
Livestock -0.380  -0.235 -1.665  -0.611 
Land 0.925  0.204 1.839  0.449 
Time 0.037  0.036 0.043  0.013 







Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 0.083  0.489 0.029  0.555 
Fertilizer 0.399  0.269 NA NA 
Tractor 0.123  0.074 0.221  0.024 
Livestock -0.152  -0.390 -0.802  -0.386 
Land 0.974  0.496 1.543  0.585 
Time 0.031  0.031 0.028  0.009 
Sum 1.458  0.969  1.019  0.787 
 
Puerto Rico 
Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor -0.562  -0.159 0.122  0.528 
Fertilizer 0.303  0.261 NA NA 
Tractor 0.149  -0.319 0.421  0.153 
Livestock -0.100  0.375 -0.313  -0.222 
Land 1.072  0.673 0.806  0.194 
Time -0.019  0.003 0.011  -0.001 




Fertilizer Included Fertilizer Excluded 
EAP TFP EAP TFP 
Labor 0.872  0.534 0.780  0.020 
Fertilizer 0.268  -0.034 NA NA 
Tractor -0.313  -0.077 -0.179  -0.077 
Livestock 0.576  0.003 0.741  0.385 
Land -0.711  0.402 -0.590  0.341 
Time 0.003  0.012 -0.003  -0.015 





















Fertilizer Included Fertilizer Excluded 
EAP estimation TFP estimation EAP estimation TFP estimation 
Coeff. T-stat Coeff. T-stat Coeff. T-stat Coeff. T-stat 
Constant 5.915  1.742  1.326  1.403  15.046  3.120  20.159  9.578  
Irrigation 0.001  0.217  -0.073  -7.372  -0.258  -11.900  -0.075  -14.893  
Life Expect -1.401  -1.743  -0.217  -0.977  -2.556  -2.390  -4.479  -9.167  
 




Fertilizer Included Fertilizer Excluded Output 
EAP TFP EAP TFP   
BA 2.195  1.779  3.706  -0.389  3.855  
BE 4.997  3.419  5.867  3.222  5.462  
CR 1.870  1.595  4.789  1.638  2.501  
CB 2.013  2.423  0.042  0.067  -1.896  
DR 1.667  1.547  0.143  1.357  0.896  
ES 0.460  0.551  0.485  -0.461  1.528  
GA 0.729  1.268  0.452  0.132  2.377  
HA 1.250  -0.794  -0.641  -2.798  0.021  
HO 1.267  2.459  -0.615  0.946  4.456  
JA 0.998  0.828  -0.361  -0.690  1.376  
NI 3.693  3.337  0.000  2.544  4.571  
PA 2.996  2.551  3.270  1.296  1.284  
PR -4.112  0.667  -1.135  0.509  -2.394  
TT 0.110  1.797  -0.334  -0.994  1.293  
Average * 1.515  1.709  0.805  0.529  1.317  
  
 
Table 10. Average Productivity Growth Rate for Two Periods (1992-2000, 2001-2006) 
Year/          
Country 
Fertilizer Included Fertilizer Excluded Output  
EAP TFP EAP TFP 
 
  
92-00 01-06 92-00 01-06 92-00 01-06 92-00 01-06 92-00 01-06 
BA 3.024  0.952  1.762  1.804  2.850  4.991  -1.277  0.944  4.519  2.859  
BE 5.900  3.644  3.396  3.453  5.461  6.478  3.373  2.995  7.476  2.440  
CR 2.078  1.557  1.454  1.805  3.048  7.401  1.716  1.522  3.345  1.236  
CB 1.626  2.594  1.621  3.625  -1.576  2.468  -0.361  0.708  -0.309  -4.275  
DR 2.119  0.989  0.892  2.530  -0.223  0.692  0.733  2.294  -0.190  2.524  
ES 0.888  -0.181  0.082  1.255  0.192  0.924  -0.659  -0.163  1.414  1.699  
GA 1.380  -0.249  1.263  1.275  -0.411  1.745  -0.007  0.340  3.067  1.342  
HA 2.229  -0.217  -1.133  -0.284  -0.413  -0.984  -3.127  -2.304  0.366  -0.498  
HO 2.026  0.129  0.564  5.302  0.881  -2.858  0.429  1.721  2.423  7.504  
JA 1.050  0.919  0.490  1.334  -0.444  -0.235  -1.022  -0.192  1.693  0.900  
NI 4.073  3.123  4.436  1.687  2.983  5.429  2.183  3.086  5.092  3.789  
PA 3.362  2.446  1.412  4.258  3.473  2.965  1.012  1.721  1.598  0.812  
PR -3.883  -4.457  0.351  1.142  0.132  -3.035  0.522  0.490  -2.202  -2.683  
TT 1.099  -1.374  1.420  2.363  -0.329  -0.341  -1.133  -0.785  1.567  0.883  




























Output Labor Fertilizer Tractor Livestock Land 
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EAP Growth(%) with Fertilizer 











TFP Growth(%) with Fertilizer 














       
       
       
       
       
       
       
       
       
       
       
 
   
 
  
       
        
 
 
      
       
       
       
       
       
       
       







      
       
       
       
       
       
       
       
       
       
       
       
    
 
  
       
       
       
       
       
       
       
       
       
       
       






































































































































































































































































































































































































    
       
       
       
       
       
       
       
       

















































































































      
       
       
       
       
       
       
       
       
       







       
       
       
       
       
       
       
       
       
       
       







       
       
       
       
       
       
       
       
       
       
       







       
       
       
       
       
       
       
       
       
       
       































































































































































































































































































































































































    
       
       
       
       
       
        
 
 
      



























































































































Central America the Caribbean 
EAP Growth(%) with fertilizer; 
 Two Regions 








Central America the Caribbean 
TFP Growth(%) with fertilizer;  
Two Regions 
























EAP Growth(%) without fertilizer 










TFP Growth (%) without fertilizer 









      
       
       
       
       
       
       
       
       
       
       
    
 
  
       
       
       
       
       
       
       
       
       
       
       
 
   
 
  
       
       
       
       
       
       
       
       
       
       
       




    
       
       
       
       
       
       
       
       
       
       
       
        
 
 




































































































































































































































































































































































































    
       
       
       
       
       
       
       
       
       




















































































































       
       
       
       
       
       
       
       
       







       
       
       
       
       
       
       
       
       
       
       
 






       
       
       
       
       
       
       
       
       
       







       
       
       
       
       
       
       
       
       
       
       
       



























































































































































































































































































































































































      
       
       
       
       
       
       
       































































































































Central America the Caribbean 
EAP Growth(%)  without fertilizer; 
Two Regions 







Central America the Caribbean 
TFP Growth (%) without fertilizer; 
Two Regions 
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Agricultural Productivity Growth in Central America and the Caribbean; 
Summary of the findings and their Significance on Policy Implications 
This thesis examined TFP growths rates in the agricultural sector of 14 regions 
in Central America and the Caribbean; the Bahamas, Belize, Costa Rica, Cuba, the 
Dominican Republic, El Salvador, Guatemala, Haiti, Honduras, Jamaica, Nicaragua, 
Panama, Puerto Rico, and Trinidad&Tobago. The first chapter estimated TFP growth 
between 1976 and 2006 while the second chapter attempted to estimate EAP growth 
rates from 1992 to 2006, which include CO2 emission from land conversion from forest 
land areas to agricultural land area. 
The findings from Chapter 1 suggest that the regions denote the lowest growth 
rates during the first period (1976-1986) followed by faster rates of growth in the 
following two decades (1987-1996, 1997-2006). Observations throughout different 
estimation methods suggest that TFP growth rates have been the fastest for Belize, 
Costa Rica, Cuba, Honduras, and Panama and lowest for the Dominican Republic, Haiti, 
and Trinidad&Tobago. This is consistent with the studies conducted previously and 
indicates robustness and credibility of this study.   
After CO2 emission data are included in Chapter 2, however, some regions 
denote different rates of productivity growth than in the normal frontier function 
estimation. The estimation of EAP suggests that Haiti is no longer the worst performer 
among the regions and Puerto Rico needs more causion when CO2 is included as an 
environmental bad. On average, the estimation including fertilizer suggests that, despite 
the results from previous chapter, growth rates in the latter period are slower than in the 
former period. However, the results of the two estimations with and without fertilizer 




method, and so on. 
This thesis put light on the agricultural productivity growth in Central America 
and the Caribbean, which have not been the main interests of many empirical analyses 
done in the past due to their size of the economies. The findings suggest that TFP 
growth rates have been improving over the period of 1976 and 2006 when no 
externalities are taken into account. When CO2 emission from land use change is 
considered, however, the last decade denotes lower rates of growth in most countries in 
comparison to the normal TFP specification methods. Such findings need to be studied 
more closely as they would have important policy implications. If the current 
production process keeps emitting CO2 from land conversion and it has a negative 
impact on TFP growth rates, policies that promote forest conversion to expand 
agricultural lands directly or indirectly need to be re-considered. The results are still 

















1. Regression Results from Different Runs 
Ideally, studies that wish to include heterogeneity across countries, such as this 
thesis, should include efficiency variables to capture the infrastructure. The examples of 
such variables can be expenditures on research and development (R&D) activities, 
length of public roads that are used for transportation of goods, the condition to have an 
access to electricity sources, the number of internet users, expenditure on education, 
and political and/or civil liberty. However, due to limited sources of data set, the main 
analysis of the thesis could not include those ideal efficiency variables.   
Some variables that have been included in empirical studies as indicators of 
infrastructure were, at first, included in the regression. Those variables include 
telephone lines and trade intensity as seen in Bharati and Fulginti (2007). However, the 
coefficients of these efficiency variables were rather small and therefore, it did not 
indicate strong contribution to explain efficiency heterogeneity across countries. The 
reason might be because telephone line is no longer a good estimate of infrastructure 
due to the spread of internet usage while trade intensity might not have been important 
since most of the regions in this estimation are a part of some trade agreement such as 
CARICOM and CAFTA nowadays. Therefore, they were excluded from the production 
function estimation.   
Yang (1997) conducted an empirical study on Chinese farm households to 
examine the contribution of education to production efficiency. The paper not only 
supported the findings from previous literatures that education has a positive effect on 
agricultural productivity growth but also suggested an alternative measurement of 
education that contributes to agricultural productivity growth. The paper concludes that 




farm workers specifically might be a better measurement of knowledge that is utilized 
and applied in agricultural production. Another study done by Hanushek and Kimko 
(2000) tested the relationship between international mathematics and science test scores 
and economic growth. The conclusion was that labor quality is an important factor for 
economic growth and the differences in quality are related to schooling. However, the 
spending on education is unlikely to be related to differences in academic performance 
of the students. They also suggested, however, that the magnitude of the impacts that 
education has on economic growth might be overstated and warned that there might be 
merely a casual impact of labor quality derived from education on economic 
development. This thesis, at first, included an education variable obtained from World 
Development Indicator (WDI), which is expressed in terms of percentage of GNI spent 
on education. However, the variable was excluded since it did not seem to have much 
contribution to heterogeneity in efficiency across territories. 
The importance of R&D expenditure has long interested many economists in 
explaining the heterogeneity across regions in terms of their agricultural productivity 
growth. Craig, Pardey and Roseboom (1997) measured land and labor productivity 
using data on 98 developed and developing countries. Agricultural research 
expenditures were included in the regression and they suggested that its effect on labor 
productivity is positive as well as significant. Griliches (1992) pointed out the 
importance of empirically supporting the interest on R&D externalities suggested by 
literatures in the past. This paper discusses a number of literatures whose interest is to 
measure the spill-over effect of R&D activities. Thirtle, Lin Lin and Piesse (2003) 
discussed the importance of research-led agricultural productivity growth on poverty 
reduction in less developed countries. The conclusion was that agricultural R&D 




in general. However, they found that this is true only with Africa and Asia but not with 
Latin America. The authors suggest that this might be because Latin America has such 
high levels of income inequality that the positive impacts of agricultural R&D 
expenditures are diluted and therefore not appreciated as much as in the case of Africa 
and Asia. Another study done by Fan and Pardey(1997) estimated agricultural 
productivity growth in the Chinese economy since 1965. They suggested that about 
25% of the total production growth was due to the increased investment in the 
agricultural sector.   
Another important variable to be included is political and civil freedom levels.  
Historically, Central America and the Caribbean have experienced a large number of 
political conflicts (Prez-Brignoli, Pearcy, and Heuman). The regions’ history can be 
easily described as “crisis” because of such political conflicts between different ethnic 
groups, interest groups and countries. Therefore, it is important to include some proxies 
to capture the differences in their political environments. Political conflicts can be 
important to the agricultural sector in several ways. For instance, Alesina and Rodrik 
(1994) suggest that inequality in the economic environment is likely to be associated 
with the higher rate of taxation and the lower rate of economic growth. In other words, 
the performance of the economic sector can cause tensions between different political 
interest groups and trigger conflicts. Also, political conflicts such as wars can slow 
economic growth by disturbing the society. Collier (1999) suggests devastating 
influence of civil war on the economic activity. He mentions that war is likely to reduce 
production as well as reduce the capital stock gradually.   
a. R&D Expenditure and Political/Civil Freedom 
 This section of the appendix presents a regression result which includes the 




the political and civil rights environment. The R&D expenditure data were originally 
obtained from Agricultural Science and Technology Indicators (ASTI) facilitated by the 
International Food Policy Research Institute (IFPRI). The data are expressed in millions 
of 2005 $US.  Also, the section includes political and civil rights freedom variable. 
Freedom House describes countries’ political and civil freedom on a one-to-seven scale, 
with one representing the highest degree of freedom and seven the lowest. The index 
values between 1 and 2.5 represent “Free”, between 3 and 5.5 represent “Partly Free” 
and between 5.5 and 7 represent “Not Free”. Due to the restriction on data sets, only six 
countries are included in the regression; Belize, Costa Rica, El Salvador, Guatemala, 
Honduras and Panama. The results are presented below. 
Table1. TFP Change (%) – with fertilizer 
Regions OLS ML Malmquist Output 
BE 5.946  3.087  2.620  4.421  
CR 1.537  2.316  2.828  3.272  
ES 1.778  0.991  1.592  1.126  
GA 0.676  1.857  0.416  2.316  
HO 1.301  2.053  2.896  3.138  
PA 1.579  1.659  3.136  1.192  
Average 1.330  1.880  1.939  2.441  
 
Table2. TFP Change (%) – without fertilizer 
Regions OLS ML Malmquist Output 
BE 6.281  3.915  2.464  4.421  
CR -0.586  0.351  3.612  3.272  
ES 1.886  1.541  0.528  1.126  
GA 0.420  1.764  1.220  2.316  
HO 1.463  2.726  2.124  3.138  
PA 0.056  1.136  0.712  1.192  








Table3. Efficiency Variables 
Efficiency 
Variable 
ML with Fertilizer ML without Fertilizer 
Coefficient T stat Coefficient T stat 
Constant -0.599  -0.557  2.231  2.665  




Life Expect 0.410  1.645  -0.276  -1.402  
Freedom -0.097  -2.516  -0.091  -3.119  
R&D 0.003  0.537  -0.004  -0.905  
 
b. Run with Bigger Countries 
The table below shows each region’s Gross Domestic Product (GDP), GDP per 
capita, and share of the agricultural sector when all regions are combined together. As 
can be seen, the regions vary greatly in terms of those three variables observed in the 
table. For instance, their sizes of the economy which can be illustrated through GDP 
differ greatly from the maximum value of $55.430 billion by Cuba to merely $1.407 
billion by Belize. In terms of GDP per capita, however, the Bahamas leads the regions 
with its observation of $29,800 while Haiti demonstrates the lowest of $1,300. 
Therefore, it might be helpful to differentiate some more homogeneous regions from 
the others that are not as similar to them in terms of economy and/or their agricultural 
sectors. 
In the last column, presented are the shares of the agricultural sector of each 
region when all territories are combined together. One can easily realize that the Cuban 
agriculture makes up almost half of the agricultural production of all countries, 
followed by Guatemala, the Dominican Republic, and so on with a huge gap. On the 
other hand, some territories make up less than one percent of the entire regions’ 
agricultural output. Therefore, all 14 regions were divided into two groups; “bigger” 
regions, which consist of all countries that share more than 5% (namely Cuba, the 
Dominican Republic, Costa Rica, Guatemala and Honduras) and “smaller” regions, 
which consist of all the others that share less than 5% (the Bahamas, Belize, El Salvador, 
Haiti, Jamaica, Nicaragua, Panama, Puerto Rico and Trinidad & Tobago).  
Table1. GDP, GDP per capita and Agricultural Sector Shares (CIA World Factbook) 
  
GDP (official 
exchange rate in 
billions of $US) 
GDP per capita 
(2009 $US) 
The Share of the Ag. 





Bahamas 7.403 29,800 0.002% 
Belize 1.407 8,200 0.034% 
Costa Rica 29.290 11,300 7.491% 
Cuba 55.430 9,700 48.505% 
Dominican Rep. 44.720 8,200 11.378% 
El Salvador 22.170 6,000 3.292% 
Guatemala 36.470 5,200 14.008% 
Haiti 6.908 1,300 3.178% 
Honduras 14.580 4,200 5.006% 
Jamaica 11.920 8,300 0.896% 
Nicaragua 6.298 2,800 3.293% 
Panama 24.750 11,900 1.758% 
Puerto Rico 86.240 17,100 1.065% 
T&T 23.000 23,300 0.094% 
  all estimated in 2009 all estimated in 2009 average of 1961-2006 
 
The results of the regression are presented below. The efficiency variables 
included in this regression are irrigation rate, life expectancy, and political conflict. The 
political conflict data were obtained from CSCW, which takes the value of 1 if there is 
any conflict and 0 if not.   
Table2. TFP Change (%) – with fertilizer 
Regions OLS ML Malmquist Output 
CR -1.805  -1.704  2.549  3.915  
CB -2.933  -2.958  1.849  0.661  
DR 0.008  0.215  -0.107  1.549  
GA -0.809  -0.671  1.269  3.234  
HO -0.084  0.089  0.556  3.591  
Average  -1.945  -1.891  1.483  1.636  
 
 
Table3. TFP Change (%) – without fertilizer 
Regions OLS ML Malmquist Output 
CR 0.611  2.725  10.938  3.915  
CB -4.866  -3.589  10.196  0.661  
DR 1.458  0.996  9.884  1.549  
GA 0.856  -1.291  22.487  3.234  
HO 1.234  1.009  26.191  3.591  







Table4. Efficiency Variables 
Efficiency 
Variable 
ML with Fertilizer ML without Fertilizer 
Coefficient T statistics Coefficient T statistics 
Coefficient 0.250  0.914  2.741  9.186  




Life Expect -0.003  -0.620  -0.040  -8.340  
Conflict -0.276  -0.247  -0.280  -1.338  
 
c. Run with Smaller Countries 
Now, presented are the “smaller” regions, which consist of the territories 
whose share is less than 5% (the Bahamas, Belize, El Salvador, Haiti, Jamaica, 
Nicaragua, Panama, Puerto Rico and Trinidad & Tobago). The efficiency variables 
included in this regression are irrigation rate, life expectancy and political conflict.  
 
Table1. TFP Change (%) – with fertilizer 
Regions OLS ML Malmquist Output 
BA 0.078  -0.013  0.967  1.402  
BE 2.695  1.391  3.183  4.993  
ES 0.586  1.731  0.633  1.027  
HA -0.278  -1.347  2.240  0.070  
JA 0.584  2.471  6.883  1.138  
NI 0.898  -1.153  0.837  1.351  
PA 0.871  -0.107  1.960  1.219  
PR -0.942  -3.969  1.417  -1.203  
TT -0.159  -1.602  0.313  -0.199  




Table2. TFP Change (%) – without fertilizer 
Regions OLS ML Malmquist Output 
BA -0.152  -0.256  -0.003  1.402  
BE 2.937  3.076  3.457  4.993  
ES 0.716  0.683  0.440  1.027  
HA -1.580  -0.259  -0.180  0.070  
JA -0.122  0.508  -0.057  1.138  
NI -0.199  1.116  -0.037  1.351  
PA -0.653  1.113  -0.020  1.219  
PR -1.520  -0.721  1.650  -1.203  
TT -1.376  -0.690  -1.430  -0.199  




Table3. Efficiency Variables 
Efficiency 
Variable 
ML with Fertilizer ML without Fertilizer 
Coefficient T statistics Coefficient T statistics 
Coefficient 0.250  0.914  2.741  9.186  




Life Expect -0.003  -0.620  -0.040  -8.340  
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2. Materials for Chapter1 
a. Data on each country 
 
The 
Bahamas Output Labor Fertilizer Tractor Livestock Land 
1976 15,982 5 1,558 71 26,588 11 
1977 13,386 5 1,800 74 28,681 11 




1979 11,517 5 1,200 80 18,269 11 
1980 11,466 5 1,200 83 20,048 11 
1981 13,661 5 1,200 86 25,475 11 
1982 12,836 5 1,100 89 23,538 11 
1983 12,370 6 1,200 92 22,553 11 
1984 13,006 6 1,100 95 23,494 11 
1985 13,009 6 500 98 23,509 12 
1986 12,484 6 500 101 23,463 12 
1987 13,414 6 500 104 24,550 12 
1988 13,643 6 500 107 25,028 12 
1989 14,515 6 500 110 27,510 12 
1990 14,306 7 100 113 28,694 12 
1991 12,973 6 300 116 23,524 12 
1992 13,088 6 300 119 25,933 12 
1993 13,131 6 200 122 25,759 12 
1994 12,701 6 200 125 21,947 12 
1995 16,623 6 200 128 38,363 12 
1996 19,231 6 400 98 50,985 12 
1997 17,961 6 300 100 42,238 12 
1998 22,516 6 300 110 63,488 12 
1999 23,070 6 300 115 48,411 12 
2000 17,289 5 300 120 33,722 13 
2001 17,986 5 800 120 35,059 14 
2002 17,815 5 800 120 35,563 14 
2003 19,615 5 800 120 41,681 14 
2004 20,393 5 800 120 42,125 14 
2005 20,393 5 800 120 42,125 14 




















Belize Output Labor Fertilizer Tractor Livestock Land 
1976 34,518 16 900 710 69,638 85 
1977 40,513 16 607 734 69,606 86 




1979 41,635 16 1,552 780 69,750 94 
1980 48,972 17 1,895 803 69,978 96 
1981 49,231 17 1,449 825 70,475 97 
1982 52,221 17 1,182 845 71,600 97 
1983 48,835 18 1,716 870 73,375 97 
1984 50,085 18 1,973 893 74,513 97 
1985 49,448 18 2,421 940 73,287 101 
1986 51,559 18 3,770 980 73,863 103 
1987 58,641 19 4,085 1,020 77,425 112 
1988 55,800 19 4,481 1,050 77,925 115 
1989 56,191 19 4,900 1,080 78,452 120 
1990 65,477 20 5,100 1,090 92,542 126 
1991 63,725 20 5,200 1,100 88,162 130 
1992 78,188 21 5,800 1,150 105,657 136 
1993 87,723 21 6,400 1,150 93,473 143 
1994 77,203 22 4,600 1,150 93,192 143 
1995 86,513 23 5,000 1,150 74,070 146 
1996 96,279 23 3,300 1,150 77,693 147 
1997 100,404 24 4,800 1,150 74,875 148 
1998 96,522 24 5,638 1,150 79,765 148 
1999 104,591 25 6,095 1,150 88,104 150 
2000 117,414 26 6,140 1,150 81,993 149 
2001 120,525 26 4,700 1,150 94,235 149 
2002 116,788 27 4,200 1,150 95,689 152 
2003 117,086 27 26,766 1,150 93,644 152 
2004 133,188 28 29,956 1,150 95,685 152 
2005 134,701 29 5,670 1,150 95,685 152 





















Costa Rica Output Labor Fertilizer Tractor Livestock Land 
1976 700,511 268 55,700 5,700 2,086,309 2,205 




1978 734,520 279 79,900 5,850 2,250,175 2,360 
1979 758,901 285 78,100 5,900 2,353,138 2,443 
1980 753,207 290 70,700 5,950 2,458,666 2,516 
1981 775,280 293 69,900 6,000 2,554,285 2,599 
1982 723,402 295 72,000 6,050 2,556,450 2,679 
1983 772,989 297 88,300 6,100 2,664,563 2,682 
1984 811,309 299 96,300 6,150 2,730,613 2,748 
1985 831,294 301 80,600 6,200 2,611,213 2,803 
1986 850,672 302 85,000 6,250 2,600,313 2,826 
1987 880,662 304 95,000 6,300 2,588,913 2,826 
1988 911,985 305 100,900 6,350 2,529,452 2,833 
1989 1,035,120 306 107,000 6,400 2,514,263 2,830 
1990 1,112,380 307 108,600 6,450 2,542,263 2,840 
1991 1,182,582 309 116,400 6,500 2,533,988 2,845 
1992 1,228,655 311 122,800 7,000 2,502,463 2,850 
1993 1,235,478 313 107,500 7,000 2,507,750 2,840 
1994 1,293,384 314 129,000 7,000 2,287,413 2,860 
1995 1,373,441 316 122,000 7,000 2,057,388 2,855 
1996 1,415,395 318 149,200 7,000 1,998,738 2,850 
1997 1,421,502 320 191,000 7,000 1,938,988 2,845 
1998 1,501,718 321 199,000 7,000 1,965,119 2,845 
1999 1,572,832 323 184,000 7,000 1,867,613 2,865 
2000 1,587,229 324 172,000 7,000 1,797,513 2,865 
2001 1,599,914 325 113,800 7,000 1,731,563 2,865 
2002 1,554,471 326 131,000 7,000 1,681,119 2,865 
2003 1,586,079 327 129,000 7,000 1,630,075 2,875 
2004 1,596,182 327 150,500 7,000 1,619,525 2,885 
2005 1,765,680 327 176,000 7,000 1,538,625 2,895 




















Cuba Output Labor Fertilizer Tractor Livestock Land 
1976 2,322,198 873 372,000 49,033 7,312,775 5,997 




1978 2,719,251 873 454,800 66,349 7,052,175 5,948 
1979 2,863,533 872 470,100 70,374 6,950,950 5,862 
1980 2,622,507 872 529,500 68,300 6,980,600 5,937 
1981 2,861,262 872 604,600 65,943 6,831,988 5,938 
1982 2,954,145 871 554,100 66,509 6,880,375 6,083 
1983 2,886,066 870 528,100 66,262 6,915,475 6,179 
1984 3,134,992 870 588,600 65,900 6,914,800 6,142 
1985 2,982,024 869 585,300 68,585 6,926,613 6,222 
1986 3,016,098 869 663,000 73,739 6,826,025 6,451 
1987 3,026,044 869 654,100 74,403 6,822,138 6,726 
1988 3,169,035 868 599,600 74,919 6,830,088 6,788 
1989 3,283,918 867 661,400 76,783 6,812,213 6,772 
1990 3,258,033 864 580,000 76,702 6,726,500 6,741 
1991 3,021,557 856 365,000 76,621 6,717,900 6,755 
1992 2,661,424 849 249,500 76,539 6,857,557 6,775 
1993 1,974,307 842 172,000 76,458 6,765,601 6,730 
1994 1,980,881 834 124,100 76,377 6,808,489 6,686 
1995 1,874,792 826 244,000 76,295 6,443,841 6,684 
1996 2,193,866 818 235,000 76,214 6,310,784 6,615 
1997 2,108,358 809 239,400 76,133 6,184,793 6,687 
1998 2,005,050 801 169,300 76,052 6,180,648 6,674 
1999 2,326,322 792 150,500 75,971 6,070,248 6,660 
2000 2,692,263 782 130,400 75,890 5,832,170 6,554 
2001 2,678,243 768 143,000 75,808 5,673,329 6,656 
2002 2,736,281 753 80,500 75,727 5,675,541 6,654 
2003 2,770,352 739 47,200 75,646 5,773,076 6,638 
2004 2,845,678 724 33,700 75,565 5,696,739 6,528 
2005 2,187,846 710 49,200 75,484 5,495,438 6,597 





















Republic Output Labor Fertilizer Tractor Livestock Land 
1976 1,182,461 704 62,800 2,070 2,752,250 3,402 




1978 1,231,351 693 57,100 2,110 2,744,925 3,457 
1979 1,208,966 686 64,900 2,130 2,840,975 3,482 
1980 1,205,314 678 53,400 2,150 2,852,616 3,512 
1981 1,223,876 682 58,700 2,170 2,618,931 3,517 
1982 1,276,209 686 60,500 2,190 2,782,870 3,522 
1983 1,331,086 690 42,000 2,210 3,118,996 3,522 
1984 1,324,098 693 59,400 2,230 3,127,435 3,522 
1985 1,276,066 694 61,000 2,250 3,149,430 3,522 
1986 1,274,957 695 58,000 2,270 3,207,074 3,529 
1987 1,326,109 694 72,800 2,290 3,279,577 3,529 
1988 1,337,744 692 62,900 2,310 3,346,568 3,529 
1989 1,397,802 689 79,900 2,320 3,489,200 3,533 
1990 1,343,844 685 92,300 2,330 3,510,625 3,440 
1991 1,358,470 676 94,700 2,300 3,686,463 3,460 
1992 1,366,272 667 83,900 2,250 3,711,000 3,490 
1993 1,380,986 657 78,200 2,200 3,773,125 3,490 
1994 1,341,689 646 90,700 2,150 3,788,000 3,490 
1995 1,299,453 636 94,000 2,100 3,736,991 3,489 
1996 1,365,269 626 91,900 2,050 3,988,645 3,469 
1997 1,389,643 615 108,900 2,000 4,037,159 3,429 
1998 1,393,855 604 97,800 1,950 3,985,900 3,429 
1999 1,283,443 594 93,700 1,900 3,343,238 3,425 
2000 1,327,065 583 86,600 1,868 3,458,975 3,418 
2001 1,413,461 573 97,600 1,870 3,592,110 3,418 
2002 1,459,643 563 103,700 1,870 3,635,034 3,418 
2003 1,460,909 552 91,400 1,870 3,690,343 3,420 
2004 1,456,835 542 93,700 1,870 3,998,881 3,420 
2005 1,515,069 532 78,000 1,870 3,840,750 3,420 





















Salvador Output Labor Fertilizer Tractor Livestock Land 
1976 650,370 703 102,200 3,000 1,390,298 1,300 




1978 753,107 705 111,500 3,150 1,676,003 1,350 
1979 756,872 703 72,600 3,250 1,730,560 1,400 
1980 730,359 697 64,400 3,300 1,515,398 1,410 
1981 659,356 698 88,400 3,320 1,397,770 1,370 
1982 624,197 697 60,000 3,340 1,260,897 1,341 
1983 622,347 694 82,100 3,360 1,227,684 1,337 
1984 655,982 692 54,800 3,380 1,214,544 1,347 
1985 653,258 691 84,600 3,390 1,277,515 1,377 
1986 626,176 691 66,500 3,400 1,356,150 1,397 
1987 601,106 694 92,600 3,400 1,404,196 1,397 
1988 614,304 698 97,000 3,410 1,440,413 1,417 
1989 628,859 703 78,200 3,410 1,460,850 1,437 
1990 660,017 709 74,800 3,420 1,506,588 1,450 
1991 689,655 716 77,400 3,420 1,537,013 1,468 
1992 753,469 723 74,900 3,430 1,558,213 1,501 
1993 708,596 731 75,000 3,430 1,513,131 1,531 
1994 675,774 740 66,000 3,430 1,549,675 1,564 
1995 686,722 748 69,000 3,430 1,412,638 1,605 
1996 704,843 756 91,800 3,430 1,574,224 1,610 
1997 738,345 764 94,400 3,430 1,454,041 1,610 
1998 732,391 771 82,800 3,430 1,336,134 1,644 
1999 785,287 778 78,500 3,430 1,462,050 1,675 
2000 774,552 785 80,300 3,430 1,369,832 1,684 
2001 754,573 790 56,500 3,430 1,519,388 1,704 
2002 759,635 795 53,100 3,430 1,711,296 1,704 
2003 743,861 798 54,700 3,430 1,646,133 1,704 
2004 764,011 802 61,600 3,430 1,662,244 1,704 
2005 786,844 805 71,900 3,430 1,662,659 1,704 




















Guatemala Output Labor Fertilizer Tractor Livestock Land 
1976 1,095,459 1,256 95,200 3,750 1,774,816 2,930 




1978 1,208,909 1,280 95,300 3,900 2,092,039 3,005 
1979 1,180,371 1,292 100,400 3,950 2,165,144 3,016 
1980 1,228,742 1,304 88,800 4,000 2,564,158 3,050 
1981 1,223,181 1,333 74,000 4,020 2,577,929 3,067 
1982 1,205,076 1,362 80,900 4,040 2,451,296 3,104 
1983 1,162,476 1,392 68,100 4,060 2,687,149 3,119 
1984 1,196,909 1,422 90,200 4,080 2,589,875 3,785 
1985 1,215,959 1,452 95,100 4,100 2,611,675 3,785 
1986 1,230,690 1,483 123,000 4,120 2,557,963 3,785 
1987 1,245,533 1,513 107,400 4,140 2,556,975 3,785 
1988 1,307,457 1,544 107,300 4,160 2,647,025 4,285 
1989 1,427,053 1,574 129,400 4,180 2,626,050 4,285 
1990 1,515,683 1,604 117,000 4,200 2,622,100 4,285 
1991 1,515,005 1,622 143,200 4,220 2,680,988 4,285 
1992 1,565,850 1,640 157,900 4,300 2,889,050 4,285 
1993 1,575,306 1,657 172,000 4,300 3,038,275 4,482 
1994 1,603,113 1,674 169,000 4,300 2,930,888 4,512 
1995 1,705,471 1,691 186,000 4,300 2,931,298 4,512 
1996 1,781,318 1,709 183,000 4,300 2,962,276 4,512 
1997 1,865,128 1,726 209,300 4,300 3,069,088 4,522 
1998 1,930,210 1,744 172,600 4,300 3,079,288 4,532 
1999 1,935,148 1,763 196,500 4,300 3,209,675 4,542 
2000 1,985,350 1,783 211,500 4,300 3,236,038 4,567 
2001 2,014,875 1,810 207,800 4,300 3,095,400 4,597 
2002 2,033,155 1,838 188,600 4,300 3,158,050 4,627 
2003 2,035,720 1,867 164,800 4,300 3,146,850 4,652 
2004 2,042,785 1,897 215,000 4,300 3,180,600 4,652 
2005 2,122,618 1,929 205,500 4,300 3,093,620 4,652 




















Haiti Output Labor Fertilizer Tractor Livestock Land 
1976 645,101 1,766 300 155 2,246,175 1,585 




1978 659,857 1,779 3,600 165 2,349,015 1,595 
1979 685,998 1,787 3,900 170 2,393,558 1,595 
1980 684,615 1,797 400 175 2,378,663 1,600 
1981 682,387 1,811 5,800 180 2,399,200 1,600 
1982 698,583 1,826 4,600 185 2,394,975 1,600 
1983 719,431 1,842 3,200 190 2,455,513 1,600 
1984 723,666 1,858 3,800 195 2,506,388 1,600 
1985 727,195 1,875 3,200 200 2,499,263 1,600 
1986 722,804 1,893 2,100 205 2,440,175 1,600 
1987 706,343 1,911 2,300 210 2,376,750 1,600 
1988 694,411 1,927 2,200 215 2,321,000 1,599 
1989 691,433 1,941 3,700 220 2,256,250 1,598 
1990 659,846 1,950 1,000 200 2,137,875 1,597 
1991 654,336 1,973 2,900 180 2,239,625 1,596 
1992 634,222 1,993 4,300 170 2,509,500 1,595 
1993 622,269 2,010 4,100 160 2,420,000 1,595 
1994 624,661 2,026 5,100 150 2,432,000 1,595 
1995 600,589 2,042 7,400 140 2,453,875 1,590 
1996 617,140 2,059 7,000 135 2,494,625 1,590 
1997 633,715 2,076 12,570 136 2,575,500 1,590 
1998 624,346 2,094 10,928 146 2,689,400 1,590 
1999 639,554 2,112 8,716 140 2,689,500 1,590 
2000 673,600 2,129 14,429 140 2,937,330 1,590 
2001 648,003 2,151 13,924 140 2,948,313 1,590 
2002 664,661 2,173 13,930 140 2,959,963 1,590 
2003 675,982 2,195 13,930 140 2,972,313 1,590 
2004 657,132 2,217 13,930 140 2,941,750 1,590 
2005 653,764 2,239 13,930 140 2,941,750 1,590 




















Honduras Output Labor Fertilizer Tractor Livestock Land 
1976 551,431 637 25,400 2,910 2,314,986 3,170 




1978 676,122 660 23,400 3,080 2,378,763 3,257 
1979 650,294 672 19,500 3,200 2,392,309 3,257 
1980 715,630 684 28,500 3,320 2,452,540 3,257 
1981 751,876 689 28,400 3,440 2,482,010 3,264 
1982 719,755 693 24,221 3,560 2,517,836 3,269 
1983 683,492 696 28,193 3,680 2,975,148 3,270 
1984 669,907 698 36,447 3,800 3,160,451 3,277 
1985 687,336 700 22,820 3,918 3,144,088 3,278 
1986 679,509 700 25,174 4,040 3,109,091 3,285 
1987 745,137 700 33,862 4,155 3,070,588 3,285 
1988 767,349 698 39,876 4,275 3,036,875 3,285 
1989 792,428 696 33,470 4,395 2,971,320 3,371 
1990 839,134 693 14,994 4,520 3,005,550 3,320 
1991 836,264 702 35,601 4,650 2,982,297 3,342 
1992 853,488 711 40,668 4,750 2,935,957 3,355 
1993 878,467 719 55,000 4,874 2,684,128 3,548 
1994 959,768 727 29,500 4,930 2,852,744 3,520 
1995 951,967 735 88,900 4,985 2,691,200 3,480 
1996 1,056,067 742 82,600 5,040 2,724,450 3,480 
1997 1,051,005 748 143,739 5,100 2,668,513 3,395 
1998 1,049,961 754 139,893 5,155 2,555,750 3,395 
1999 955,689 759 163,800 5,200 2,363,890 3,337 
2000 1,022,609 764 180,500 5,200 2,435,688 2,935 
2001 1,052,483 769 151,500 5,200 2,516,563 2,936 
2002 1,349,630 774 50,228 5,300 2,740,489 2,936 
2003 1,478,050 779 58,630 5,300 3,080,167 2,936 
2004 1,469,286 782 53,468 5,300 3,129,432 2,936 
2005 1,549,169 785 62,458 5,300 3,180,006 2,936 




















Jamaica Output Labor Fertilizer Tractor Livestock Land 
1976 305,204 273 14,300 2,600 468,063 507 




1978 326,588 285 15,962 2,700 467,875 507 
1979 312,057 291 13,341 2,750 477,025 497 
1980 306,460 298 17,506 2,800 492,875 497 
1981 304,673 298 19,014 2,870 480,250 497 
1982 288,459 299 12,016 2,900 495,850 487 
1983 307,688 299 12,735 2,930 542,863 477 
1984 339,397 298 23,100 2,950 566,650 477 
1985 313,891 296 11,800 2,970 529,363 477 
1986 320,326 293 17,300 3,000 568,113 477 
1987 334,319 289 24,600 3,020 578,025 477 
1988 327,862 285 29,268 3,040 554,388 477 
1989 306,436 281 31,100 3,050 563,113 477 
1990 333,121 276 19,100 3,060 625,600 476 
1991 341,255 275 25,700 3,070 648,100 476 
1992 371,603 273 21,300 3,080 701,938 476 
1993 383,997 272 23,400 3,080 690,663 503 
1994 402,710 271 23,200 3,080 670,625 513 
1995 411,787 270 26,518 3,080 669,375 513 
1996 434,976 268 23,800 3,080 670,663 513 
1997 405,681 267 23,397 3,080 656,938 513 
1998 394,014 265 23,445 3,080 656,938 513 
1999 416,686 262 23,043 3,080 675,675 513 
2000 392,113 260 22,400 3,080 684,425 513 
2001 412,738 258 20,855 3,080 680,659 513 
2002 402,513 256 12,781 3,080 676,911 513 
2003 398,509 253 781 3,080 700,660 513 
2004 406,839 251 16,410 3,080 700,660 513 
2005 412,964 248 14,723 3,080 700,660 513 




















Nicaragua Output Labor Fertilizer Tractor Livestock Land 
1976 774,025 398 47,900 1,316 3,255,741 3,630 




1978 863,700 407 48,500 1,900 3,405,800 3,735 
1979 878,273 410 23,000 2,100 3,158,040 3,740 
1980 526,758 413 54,200 2,200 2,875,851 3,745 
1981 592,725 416 42,100 2,250 2,913,020 3,827 
1982 603,584 417 44,800 2,300 2,965,400 3,829 
1983 607,299 419 70,300 2,350 2,704,763 3,830 
1984 634,807 419 48,700 2,400 2,981,537 3,883 
1985 566,969 419 62,900 2,430 3,004,668 3,855 
1986 531,262 417 67,900 2,450 2,744,325 3,857 
1987 496,816 415 50,400 2,480 2,514,278 3,889 
1988 473,319 412 76,600 2,500 2,757,975 3,940 
1989 493,478 409 35,300 2,550 3,374,863 3,993 
1990 504,573 406 39,900 2,600 3,751,588 4,025 
1991 510,673 406 34,400 2,650 3,044,550 4,060 
1992 526,808 406 31,300 2,700 3,354,000 4,120 
1993 526,338 407 27,000 2,700 3,733,638 4,190 
1994 537,702 407 21,800 2,700 3,743,213 4,220 
1995 569,103 406 31,000 2,700 3,264,538 4,553 
1996 584,685 404 40,500 2,700 3,151,438 4,654 
1997 597,085 402 35,700 2,700 3,415,500 4,797 
1998 637,473 400 38,600 2,750 3,312,900 4,890 
1999 699,416 397 36,000 2,800 3,701,650 4,983 
2000 793,281 394 28,900 2,850 3,833,613 5,094 
2001 792,084 392 17,700 2,900 3,884,556 5,140 
2002 816,207 390 19,500 3,000 3,937,413 5,191 
2003 914,358 388 31,200 3,000 4,112,544 5,236 
2004 886,626 386 32,800 3,000 4,026,425 5,281 
2005 985,725 384 23,100 3,000 4,149,181 5,326 




















Panama Output Labor Fertilizer Tractor Livestock Land 
1976 439,162 206 22,700 4,230 1,632,113 1,827 




1978 465,502 202 23,000 4,840 1,674,688 1,850 
1979 464,147 200 29,800 5,150 1,712,200 1,852 
1980 452,152 197 30,600 5,458 1,683,150 1,855 
1981 468,666 202 30,200 5,420 1,726,532 1,882 
1982 486,153 207 27,300 5,380 1,730,613 1,914 
1983 488,449 211 23,100 5,350 1,749,100 1,941 
1984 492,570 216 28,200 5,310 1,748,038 1,966 
1985 499,117 221 25,700 5,270 1,745,750 1,995 
1986 479,853 226 35,300 5,240 1,754,325 2,020 
1987 528,777 230 37,800 5,200 1,739,500 2,045 
1988 503,451 235 38,500 5,160 1,738,950 2,070 
1989 525,790 240 33,294 5,120 1,740,938 2,100 
1990 540,095 245 38,662 5,090 1,726,263 2,124 
1991 515,565 246 25,649 5,047 1,781,963 2,134 
1992 524,816 247 35,494 5,340 1,803,288 2,150 
1993 533,614 247 32,181 5,640 1,825,175 2,150 
1994 550,878 248 29,950 5,945 1,862,363 2,135 
1995 550,439 249 27,700 6,220 1,864,325 2,132 
1996 563,546 249 44,300 6,500 1,835,000 2,132 
1997 573,017 250 36,387 6,830 1,751,450 2,140 
1998 583,924 250 39,876 7,135 1,815,725 2,149 
1999 592,143 251 34,003 7,500 1,791,763 2,157 
2000 594,409 251 31,183 8,066 1,807,425 2,188 
2001 606,738 250 29,200 8,100 2,005,882 2,230 
2002 611,788 250 22,141 8,100 2,002,358 2,230 
2003 601,982 249 28,034 8,100 1,967,525 2,230 
2004 614,738 248 23,125 8,100 1,965,006 2,230 
2005 616,411 247 18,884 8,100 2,051,575 2,230 





















Rico Output Labor Fertilizer Tractor Livestock Land 
1976 355,145 82 69,318 4,150 729,499 493 




1978 368,628 71 82,004 3,980 736,501 495 
1979 370,514 65 88,007 3,839 699,666 486 
1980 346,627 59 87,972 3,666 654,214 475 
1981 342,252 59 78,873 3,556 666,215 467 
1982 325,221 58 85,465 3,427 701,244 467 
1983 321,355 58 89,454 3,112 736,822 466 
1984 313,678 58 102,110 3,100 757,369 464 
1985 312,703 57 102,873 3,080 769,576 461 
1986 327,401 56 123,248 3,050 782,492 463 
1987 355,115 56 140,366 3,000 716,332 462 
1988 353,931 55 144,254 3,027 779,488 462 
1989 354,690 54 147,685 3,000 800,366 450 
1990 336,707 53 169,662 2,850 825,780 435 
1991 350,533 51 169,352 2,780 842,261 420 
1992 336,952 48 144,056 2,552 671,189 410 
1993 329,475 46 145,042 2,612 675,368 311 
1994 313,021 44 140,225 2,672 677,701 309 
1995 302,202 42 136,958 2,732 615,010 309 
1996 290,588 40 136,620 2,792 609,645 309 
1997 286,107 38 156,817 2,852 616,907 291 
1998 294,031 36 167,859 2,971 612,180 273 
1999 250,724 34 165,042 2,981 609,731 260 
2000 280,994 33 185,408 2,992 603,416 247 
2001 266,395 31 180,394 3,002 607,234 235 
2002 262,762 29 183,662 3,023 607,768 222 
2003 258,568 28 196,563 3,043 584,231 223 
2004 263,056 26 199,437 3,063 533,053 222 
2005 238,231 25 131,513 3,083 558,071 223 





















Tobago Output Labor Fertilizer Tractor Livestock Land 
1976 125,011 52 7,500 3,478 190,063 126 




1978 110,510 49 8,500 3,900 196,750 127 
1979 106,905 48 8,100 3,950 200,925 127 
1980 102,819 46 8,000 3,100 203,300 127 
1981 95,638 47 6,500 4,030 204,988 127 
1982 105,021 48 4,600 4,100 219,263 129 
1983 94,150 49 7,800 4,125 213,075 129 
1984 89,818 50 6,100 4,175 208,950 129 
1985 91,573 50 7,100 4,220 203,388 129 
1986 90,166 51 5,100 4,270 199,763 129 
1987 90,726 51 6,800 4,300 205,450 131 
1988 90,591 51 2,100 4,350 209,950 131 
1989 87,255 52 3,300 4,415 225,236 131 
1990 96,358 52 7,100 4,460 228,746 131 
1991 94,552 52 8,100 4,500 232,884 131 
1992 93,675 52 9,600 4,550 219,591 133 
1993 98,123 52 5,400 4,600 247,394 133 
1994 98,171 51 5,400 4,650 227,194 133 
1995 99,606 51 7,000 4,700 254,844 133 
1996 100,627 51 10,400 4,750 257,381 133 
1997 94,362 51 10,600 4,800 240,115 133 
1998 83,454 50 7,100 4,850 243,425 133 
1999 91,342 50 5,800 4,900 254,750 133 
2000 106,027 50 6,200 4,950 298,714 133 
2001 107,515 49 6,200 5,000 365,265 133 
2002 130,117 49 4,400 5,100 449,825 133 
2003 116,144 48 4,400 5,100 403,331 133 
2004 112,271 48 6,400 5,129 412,630 133 
2005 108,842 47 6,000 5,130 412,913 133 
















b. Irrigation Rate:  
Irrigation rates were calculated from agricultural land area and irrigated agricultural 
land area data obtained from FAO.  The rates are simply irrigated agricultural land area 
divided by the total agricultural land area.  Here, the rates are expressed as percentage 








































1981 9.1 2.1 2.5 13.4 4.8 2.6 2.9 4.4 2.0 5.0 1.6 1.5 8.4 3.1 
1982 9.1 2.1 2.8 13.5 5.0 2.7 3.0 5.0 2.0 5.1 1.6 1.5 8.4 3.1 
1983 9.1 2.1 2.7 13.5 5.1 2.7 3.1 5.0 2.0 5.2 1.6 1.4 8.4 3.1 
1984 9.1 2.1 2.7 13.4 5.4 2.8 2.6 5.0 2.0 5.2 1.5 1.5 8.4 3.1 
1985 8.3 2.0 2.6 13.8 5.6 2.8 2.7 5.0 2.0 5.2 1.6 1.5 8.5 3.1 
1986 8.3 1.9 2.6 13.3 6.4 2.7 2.8 5.0 2.0 5.2 1.6 1.5 8.4 3.1 
1987 8.3 1.8 2.7 12.9 6.4 2.9 2.9 5.0 2.0 5.2 1.5 1.5 8.4 3.1 
1988 8.3 1.7 2.6 12.8 6.4 2.8 2.6 5.0 2.0 5.2 1.5 1.4 8.4 3.1 
1989 8.3 1.7 2.7 13.2 6.4 2.8 2.7 5.0 2.1 5.2 1.5 1.5 8.7 3.1 
1990 8.3 1.6 2.7 13.2 6.5 2.8 2.7 5.0 2.1 5.3 1.5 1.5 9.0 3.1 
1991 8.3 2.3 2.7 13.2 6.5 2.7 2.8 5.8 2.1 5.3 1.5 1.5 9.3 3.1 
1992 8.3 2.2 2.8 13.1 6.6 2.9 2.9 5.8 2.1 5.3 1.5 1.5 9.5 3.0 
1993 8.3 2.1 2.9 13.1 6.6 2.8 2.8 5.8 2.1 5.0 1.4 1.5 12.5 3.0 
1994 8.3 2.1 3.0 13.2 7.2 2.7 2.8 5.8 2.1 4.9 1.4 1.5 12.6 3.0 
1995 8.3 2.1 3.2 13.0 7.4 2.7 2.9 5.8 2.1 4.9 1.3 1.5 12.9 3.0 
1996 8.3 2.0 3.4 13.2 7.5 2.8 2.9 5.8 2.1 4.9 1.3 1.6 12.9 3.0 
1997 8.3 2.0 3.6 13.0 7.6 2.8 2.9 5.8 2.2 4.9 1.3 1.6 13.7 3.0 
1998 8.3 2.0 3.7 13.0 7.7 2.7 2.9 5.8 2.2 4.9 1.2 1.8 14.7 3.8 
1999 8.3 2.0 3.8 13.1 7.9 2.7 2.9 5.8 2.3 4.9 1.2 1.9 15.4 3.8 
2000 7.7 2.0 3.8 13.3 8.0 2.7 2.8 5.8 2.7 4.9 1.2 2.0 16.2 3.8 
2001 7.1 2.0 3.8 13.1 8.0 2.6 2.8 5.8 2.7 4.9 1.2 1.9 17.0 3.8 
2002 7.1 2.6 3.8 13.1 8.0 2.6 2.8 5.8 2.7 4.9 1.2 1.9 18.0 4.5 
2003 7.1 2.6 3.8 13.1 8.0 2.6 2.8 5.8 2.7 4.9 1.2 1.9 17.9 4.5 
2004 7.1 2.6 3.7 13.3 8.0 2.6 2.8 5.8 2.7 4.9 1.2 1.9 18.0 5.3 
2005 7.1 2.6 3.7 13.2 8.0 2.6 2.8 5.8 2.7 4.9 1.1 1.9 17.9 5.3 



















c. Life Expectancy Data (originally obtained from WDI) 
Life expectancy data were obtained from World Development Indicators by the World 
Bank (WDI). The first table is the original data, which contain many gaps between 
some years. In order to have a complete time series data, the missing values were 




observations.  This procedure is most probably appropriate considering the fact that 
life expectancy would not change drastically in a few years. The values in red are 
calculated because the original data set contains a missing value. 
 



































1975 .. 68.9  .. .. .. .. .. .. .. 69.6  56.6  .. 73.1  .. 
1976 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1977 67.2  69.7  71.0  73.1  62.0  57.2  56.2  49.9  57.5  70.1  57.6  69.0  73.5  68.3  
1978 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1979 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1980 67.7  70.5  72.7  73.8  63.2  57.3  57.4  50.9  59.7  70.7  58.7  70.1  .. 68.7  
1981 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1982 68.1  71.0  73.8  74.3  64.0  57.3  58.3  51.5  61.1  71.2  59.5  70.8  73.9  69.0  
1983 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1984 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1985 69.1  71.6  74.6  74.5  65.5  60.8  59.9  52.8  63.2  71.2  61.1  71.4  74.3  69.4  
1986 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1987 69.7  71.9  75.2  74.6  66.5  63.2  60.9  53.7  64.7  71.2  62.2  71.9  74.5  69.7  
1988 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1989 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1990 69.5  72.4  75.8  74.7  68.0  66.1  62.5  54.5  65.9  71.6  64.5  72.5  74.8  69.9  
1991 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1992 69.4  72.7  76.2  74.8  69.0  68.1  63.6  55.1  66.7  71.9  66.1  72.9  74.9  70.0  
1993 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1994 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1995 68.8  73.8  76.9  75.6  69.6  68.7  65.2  56.0  67.3  72.1  67.5  73.4  75.2  69.7  
1996 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1997 68.4  74.5  77.3  76.2  70.1  69.1  66.3  56.6  67.7  72.2  68.4  73.8  75.4  69.4  
1998 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
1999 .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
2000 70.0  75.2  77.8  76.8  70.6  69.8  67.9  57.5  68.3  72.1  69.9  74.4  76.7  69.1  
2001 .. .. .. .. .. .. .. .. .. .. .. .. 77.1  .. 
2002 71.0  75.7  78.1  77.1  70.9  70.2  68.9  58.1  68.6  72.0  70.8  74.7  77.8  68.9  
2003 .. .. .. .. .. .. .. .. .. .. .. .. 78.1  .. 
2004 .. .. .. .. .. .. .. .. .. .. .. .. 78.2  .. 
2005 72.4  76.0  78.5  77.8  71.8  70.8  69.7  59.8  69.6  72.3  72.1  75.2  78.3  69.4  
2006 72.9  .. 78.7  78.0  72.0  71.0  69.9  60.3  69.9  .. 72.5  75.4  78.4  69.6  










































1975 66.9  68.9  69.8  72.3  61.0  57.2  55.2  49.1  56.0  69.6  56.6  67.9  73.1  67.3  




1977 67.2  69.7  71.0  73.1  62.0  57.2  56.2  49.9  57.5  70.1  57.6  69.0  73.5  68.3  
1978 67.3  70.0  71.6  73.4  62.4  57.2  56.6  50.2  58.2  70.3  58.0  69.3  73.6  68.5  
1979 67.5  70.2  72.0  73.5  62.6  57.3  56.9  50.4  58.7  70.4  58.2  69.6  73.7  68.5  
1980 67.7  70.5  72.7  73.8  63.2  57.3  57.4  50.9  59.7  70.7  58.7  70.1  73.7  68.7  
1981 67.9  70.8  73.2  74.0  63.6  57.3  57.9  51.2  60.4  71.0  59.1  70.4  73.8  68.8  
1982 68.1  71.0  73.8  74.3  64.0  57.3  58.3  51.5  61.1  71.2  59.5  70.8  73.9  69.0  
1983 68.4  71.2  74.1  74.3  64.5  58.5  58.8  51.9  61.8  71.2  60.0  71.0  74.0  69.1  
1984 68.6  71.3  74.2  74.4  64.8  59.3  59.2  52.2  62.3  71.2  60.4  71.2  74.1  69.2  
1985 69.1  71.6  74.6  74.5  65.5  60.8  59.9  52.8  63.2  71.2  61.1  71.4  74.3  69.4  
1986 69.4  71.7  74.9  74.6  66.0  62.0  60.4  53.2  64.0  71.2  61.6  71.7  74.4  69.5  
1987 69.7  71.9  75.2  74.6  66.5  63.2  60.9  53.7  64.7  71.2  62.2  71.9  74.5  69.7  
1988 69.7  72.1  75.4  74.7  67.0  64.2  61.5  53.9  65.1  71.4  62.9  72.1  74.6  69.8  
1989 69.6  72.2  75.5  74.7  67.3  64.8  61.8  54.1  65.4  71.5  63.5  72.2  74.7  69.8  
1990 69.5  72.4  75.8  74.7  68.0  66.1  62.5  54.5  65.9  71.6  64.5  72.5  74.8  69.9  
1991 69.5  72.5  76.0  74.8  68.5  67.1  63.0  54.8  66.3  71.7  65.3  72.7  74.9  69.9  
1992 69.4  72.7  76.2  74.8  69.0  68.1  63.6  55.1  66.7  71.9  66.1  72.9  74.9  70.0  
1993 69.2  73.0  76.4  75.1  69.2  68.3  64.1  55.4  66.9  71.9  66.5  73.1  75.0  69.9  
1994 69.1  73.3  76.6  75.2  69.4  68.4  64.5  55.6  67.0  72.0  66.8  73.2  75.1  69.8  
1995 68.8  73.8  76.9  75.6  69.6  68.7  65.2  56.0  67.3  72.1  67.5  73.4  75.2  69.7  
1996 68.6  74.1  77.1  75.9  69.8  68.9  65.8  56.3  67.5  72.1  67.9  73.6  75.3  69.5  
1997 68.4  74.5  77.3  76.2  70.1  69.1  66.3  56.6  67.7  72.2  68.4  73.8  75.4  69.4  
1998 68.9  74.7  77.4  76.4  70.2  69.3  66.9  56.9  67.9  72.2  68.9  74.0  75.8  69.3  
1999 69.3  74.9  77.6  76.5  70.3  69.5  67.2  57.1  68.0  72.1  69.2  74.1  76.1  69.3  
2000 70.0  75.2  77.8  76.8  70.6  69.8  67.9  57.5  68.3  72.1  69.9  74.4  76.7  69.1  
2001 70.5  75.4  78.0  76.9  70.8  70.0  68.4  57.8  68.4  72.1  70.3  74.5  77.1  69.0  
2002 71.0  75.7  78.1  77.1  70.9  70.2  68.9  58.1  68.6  72.0  70.8  74.7  77.8  68.9  
2003 71.5  75.8  78.3  77.4  71.2  70.4  69.2  58.7  68.9  72.1  71.2  74.9  78.1  69.1  
2004 71.8  75.9  78.4  77.5  71.4  70.5  69.3  59.0  69.2  72.2  71.5  75.0  78.2  69.2  
2005 72.4  76.0  78.5  77.8  71.8  70.8  69.7  59.8  69.6  72.3  72.1  75.2  78.3  69.4  
2006 72.9  76.1  78.7  78.0  72.0  71.0  69.9  60.3  69.9  72.4  72.5  75.4  78.4  69.6  






i. OLS with Fertilizer 
Countries; 1:the Bahamas, 2: Belize, 3: Costa Rica, 4: Cuba, 5: Dominican Republic, 6: 
El Salvador, 7: Guatemala, 8: Haiti, 9: Honduras, 10: Jamaica, 11: Nicaragua, 12: 
Panama, 13: Puerto Rico, 14: Trinindad & Tobago 
 
Input Elasticity Calculation (see Equation (7) in Chapter1 for more details) 
Input Elasticities Labor Fertilizer Tractor Livestock Land Time 
countries year x1 x2 x3 x4 x5 T 
1 1 0.049  0.007  -0.144  0.750  0.259  -0.033  
2 1 0.837  0.183  0.152  -0.071  -0.185  -0.008  
3 1 0.539  0.391  -0.003  0.297  -0.286  -0.014  
4 1 0.343  0.365  -0.079  0.073  0.218  -0.017  
5 1 0.300  0.325  0.072  0.579  -0.355  -0.019  
6 1 -0.142  0.094  0.067  0.357  0.523  -0.028  
7 1 0.054  0.154  0.223  0.154  0.322  -0.020  
8 1 0.519  0.011  0.140  1.249  -1.190  -0.019  
9 1 0.520  0.312  0.128  0.374  -0.432  -0.013  
10 1 0.185  0.042  0.158  0.034  0.458  -0.020  
11 1 0.507  0.466  -0.015  0.829  -0.844  -0.017  
12 1 0.705  0.398  0.025  0.288  -0.489  -0.011  
13 1 0.244  0.283  -0.119  0.294  0.248  -0.023  
14 1 0.298  0.036  0.008  -0.088  0.631  -0.020  
1 2 0.014  0.004  -0.166  0.778  0.291  -0.032  
2 2 0.918  0.179  0.167  -0.105  -0.254  -0.004  
3 2 0.506  0.392  -0.006  0.301  -0.252  -0.013  
4 2 0.346  0.356  -0.067  -0.029  0.316  -0.015  
5 2 0.321  0.324  0.079  0.563  -0.367  -0.016  
6 2 -0.159  0.095  0.029  0.426  0.504  -0.027  
7 2 0.032  0.156  0.194  0.208  0.316  -0.019  
8 2 0.053  0.017  0.083  1.309  -0.674  -0.027  
9 2 0.503  0.310  0.132  0.358  -0.399  -0.011  
10 2 0.167  0.034  0.155  0.035  0.487  -0.018  
11 2 0.525  0.462  -0.014  0.769  -0.801  -0.014  
12 2 0.712  0.396  0.028  0.261  -0.471  -0.009  
13 2 0.224  0.295  -0.138  0.321  0.255  -0.022  
14 2 0.386  0.032  0.013  -0.122  0.563  -0.017  
1 3 0.108  -0.009  -0.083  0.607  0.296  -0.027  
2 3 0.758  0.195  0.169  -0.125  -0.060  -0.005  
3 3 0.472  0.392  -0.010  0.304  -0.214  -0.012  
4 3 0.319  0.348  -0.064  -0.050  0.370  -0.013  
5 3 0.322  0.323  0.084  0.548  -0.356  -0.014  
6 3 -0.162  0.098  0.024  0.427  0.508  -0.025  
7 3 0.042  0.151  0.187  0.214  0.307  -0.017  
8 3 0.021  0.015  0.076  1.310  -0.631  -0.026  
9 3 0.530  0.302  0.137  0.343  -0.415  -0.009  
10 3 0.143  0.025  0.166  0.006  0.538  -0.016  
11 3 0.530  0.452  -0.009  0.717  -0.752  -0.012  
12 3 0.714  0.394  0.026  0.243  -0.451  -0.007  
13 3 0.243  0.306  -0.132  0.308  0.235  -0.019  
14 3 0.293  0.040  -0.001  -0.114  0.670  -0.017  
1 4 0.121  -0.021  -0.012  0.456  0.383  -0.023  
2 4 0.767  0.193  0.171  -0.138  -0.058  -0.003  
3 4 0.478  0.393  -0.010  0.307  -0.224  -0.010  
4 4 0.308  0.339  -0.059  -0.080  0.415  -0.011  
5 4 0.297  0.324  0.074  0.559  -0.331  -0.013  




7 4 0.024  0.147  0.181  0.222  0.328  -0.016  
8 4 0.000  0.010  0.073  1.306  -0.597  -0.025  
9 4 0.559  0.293  0.145  0.319  -0.424  -0.006  
10 4 0.159  0.012  0.166  0.002  0.532  -0.014  
11 4 0.684  0.439  0.037  0.610  -0.850  -0.006  
12 4 0.666  0.393  0.017  0.236  -0.379  -0.006  
13 4 0.244  0.315  -0.127  0.293  0.243  -0.017  
14 4 0.304  0.040  -0.005  -0.114  0.662  -0.015  
1 5 0.113  -0.023  -0.037  0.492  0.378  -0.022  
2 5 0.716  0.182  0.178  -0.158  0.021  -0.002  
3 5 0.498  0.392  -0.010  0.310  -0.249  -0.008  
4 5 0.282  0.339  -0.058  -0.077  0.441  -0.010  
5 5 0.338  0.323  0.082  0.543  -0.367  -0.010  
6 5 -0.030  0.095  0.083  0.307  0.432  -0.018  
7 5 0.035  0.148  0.139  0.303  0.268  -0.015  
8 5 0.448  -0.006  0.134  1.216  -1.059  -0.013  
9 5 0.475  0.287  0.134  0.324  -0.321  -0.006  
10 5 0.092  0.005  0.155  0.014  0.609  -0.014  
11 5 0.519  0.434  0.050  0.556  -0.613  -0.007  
12 5 0.667  0.390  0.024  0.201  -0.349  -0.004  
13 5 0.259  0.325  -0.118  0.272  0.236  -0.015  
14 5 0.292  0.051  -0.012  -0.040  0.600  -0.013  
1 6 0.095  -0.021  -0.106  0.615  0.330  -0.022  
2 6 0.770  0.178  0.188  -0.181  -0.024  0.001  
3 6 0.505  0.394  -0.010  0.311  -0.259  -0.006  
4 6 0.249  0.336  -0.052  -0.084  0.483  -0.009  
5 6 0.320  0.316  0.110  0.482  -0.303  -0.008  
6 6 -0.104  0.083  0.097  0.266  0.555  -0.017  
7 6 0.061  0.140  0.148  0.287  0.250  -0.012  
8 6 -0.086  0.001  0.072  1.282  -0.467  -0.022  
9 6 0.472  0.281  0.135  0.311  -0.300  -0.004  
10 6 0.075  0.000  0.164  -0.015  0.655  -0.012  
11 6 0.572  0.432  0.061  0.534  -0.659  -0.004  
12 6 0.661  0.385  0.025  0.203  -0.343  -0.002  
13 6 0.264  0.318  -0.121  0.285  0.224  -0.013  
14 6 0.344  0.035  -0.001  -0.131  0.633  -0.010  
1 7 0.116  -0.028  -0.076  0.546  0.356  -0.019  
2 7 0.806  0.173  0.192  -0.194  -0.052  0.004  
3 7 0.506  0.395  -0.001  0.291  -0.249  -0.004  
4 7 0.273  0.337  -0.044  -0.101  0.466  -0.006  
5 7 0.305  0.312  0.095  0.507  -0.296  -0.007  
6 7 -0.034  0.070  0.136  0.189  0.529  -0.013  
7 7 0.041  0.133  0.169  0.245  0.302  -0.010  
8 7 -0.045  -0.007  0.082  1.257  -0.492  -0.020  
9 7 0.499  0.275  0.139  0.294  -0.315  -0.002  
10 7 0.149  -0.011  0.165  -0.016  0.576  -0.009  
11 7 0.555  0.428  0.058  0.531  -0.631  -0.003  
12 7 0.675  0.380  0.036  0.189  -0.350  0.000  
13 7 0.242  0.320  -0.138  0.322  0.225  -0.012  
14 7 0.405  0.030  -0.004  -0.121  0.559  -0.007  
1 8 0.043  -0.070  -0.045  0.492  0.490  -0.018  
2 8 0.711  0.160  0.184  -0.190  0.066  0.004  
3 8 0.457  0.392  -0.014  0.310  -0.199  -0.003  
4 8 0.284  0.337  -0.038  -0.111  0.459  -0.004  
5 8 0.363  0.308  0.073  0.553  -0.388  -0.005  
6 8 -0.099  0.067  0.139  0.173  0.619  -0.012  
7 8 0.060  0.127  0.151  0.281  0.261  -0.009  




9 8 0.454  0.275  0.089  0.379  -0.308  -0.002  
10 8 0.118  -0.017  0.135  0.034  0.589  -0.009  
11 8 0.468  0.422  0.079  0.474  -0.487  -0.002  
12 8 0.702  0.374  0.044  0.178  -0.374  0.003  
13 8 0.215  0.319  -0.153  0.374  0.216  -0.011  
14 8 0.291  0.024  -0.003  -0.134  0.705  -0.008  
1 9 0.055  -0.074  -0.052  0.496  0.480  -0.016  
2 9 0.679  0.156  0.180  -0.193  0.112  0.005  
3 9 0.442  0.392  -0.015  0.308  -0.181  -0.001  
4 9 0.254  0.332  -0.038  -0.113  0.499  -0.003  
5 9 0.289  0.305  0.067  0.553  -0.297  -0.004  
6 9 -0.019  0.062  0.157  0.143  0.546  -0.009  
7 9 0.081  0.160  0.202  0.199  0.258  -0.005  
8 9 -0.021  -0.019  0.082  1.244  -0.498  -0.016  
9 9 0.397  0.273  0.069  0.404  -0.250  -0.002  
10 9 -0.006  -0.016  0.111  0.066  0.718  -0.010  
11 9 0.537  0.421  0.065  0.502  -0.582  0.001  
12 9 0.655  0.370  0.048  0.172  -0.315  0.004  
13 9 0.180  0.316  -0.162  0.388  0.252  -0.010  
14 9 0.331  0.014  0.014  -0.167  0.685  -0.005  
1 10 0.247  -0.064  -0.011  0.429  0.289  -0.010  
2 10 0.658  0.160  0.193  -0.233  0.165  0.007  
3 10 0.483  0.389  0.011  0.259  -0.196  0.002  
4 10 0.260  0.330  -0.032  -0.137  0.513  -0.001  
5 10 0.278  0.301  0.068  0.546  -0.276  -0.003  
6 10 -0.102  0.067  0.139  0.170  0.627  -0.009  
7 10 0.059  0.153  0.204  0.194  0.291  -0.004  
8 10 0.007  -0.027  0.091  1.220  -0.510  -0.013  
9 10 0.487  0.266  0.086  0.368  -0.326  0.002  
10 10 0.129  -0.024  0.150  -0.004  0.608  -0.005  
11 10 0.479  0.417  0.058  0.503  -0.508  0.002  
12 10 0.667  0.364  0.059  0.156  -0.318  0.006  
13 10 0.175  0.315  -0.167  0.394  0.257  -0.009  
14 10 0.299  0.009  0.022  -0.190  0.742  -0.003  
1 11 0.245  -0.069  -0.007  0.410  0.310  -0.008  
2 11 0.577  0.161  0.188  -0.243  0.271  0.007  
3 11 0.471  0.386  0.017  0.244  -0.170  0.004  
4 11 0.254  0.332  -0.019  -0.183  0.555  0.001  
5 11 0.283  0.297  0.068  0.543  -0.276  -0.001  
6 11 -0.057  0.066  0.133  0.184  0.566  -0.006  
7 11 -0.001  0.145  0.209  0.178  0.377  -0.003  
8 11 0.086  -0.036  0.113  1.176  -0.568  -0.009  
9 11 0.467  0.262  0.091  0.346  -0.281  0.003  
10 11 0.048  -0.023  0.122  0.038  0.681  -0.005  
11 11 0.467  0.411  0.087  0.441  -0.452  0.004  
12 11 0.598  0.360  0.057  0.156  -0.235  0.007  
13 11 0.139  0.317  -0.174  0.403  0.293  -0.008  
14 11 0.355  -0.001  0.040  -0.224  0.703  0.000  
1 12 0.239  -0.073  -0.017  0.420  0.318  -0.006  
2 12 0.577  0.165  0.198  -0.261  0.278  0.009  
3 12 0.443  0.381  0.019  0.233  -0.126  0.005  
4 12 0.271  0.337  -0.006  -0.208  0.548  0.004  
5 12 0.233  0.295  0.059  0.552  -0.218  0.000  




7 12 0.015  0.136  0.217  0.162  0.373  -0.001  
8 12 0.064  -0.043  0.123  1.147  -0.517  -0.008  
9 12 0.407  0.258  0.091  0.330  -0.194  0.004  
10 12 -0.023  -0.022  0.110  0.049  0.761  -0.005  
11 12 0.533  0.406  0.125  0.365  -0.479  0.008  
12 12 0.579  0.355  0.065  0.142  -0.204  0.008  
13 12 0.112  0.310  -0.147  0.351  0.359  -0.006  
14 12 0.299  0.000  0.032  -0.215  0.764  0.001  
1 13 0.236  -0.077  -0.019  0.414  0.333  -0.005  
2 13 0.567  0.167  0.203  -0.280  0.303  0.011  
3 13 0.429  0.376  0.029  0.209  -0.090  0.007  
4 13 0.288  0.334  0.001  -0.223  0.540  0.006  
5 13 0.257  0.291  0.059  0.549  -0.240  0.002  
6 13 -0.143  0.063  0.116  0.208  0.656  -0.004  
7 13 0.057  0.155  0.238  0.134  0.323  0.003  
8 13 0.069  -0.050  0.135  1.115  -0.496  -0.005  
9 13 0.374  0.254  0.094  0.311  -0.136  0.006  
10 13 -0.054  -0.024  0.121  0.020  0.820  -0.003  
11 13 0.448  0.410  0.092  0.418  -0.410  0.007  
12 13 0.568  0.350  0.073  0.131  -0.184  0.010  
13 13 0.102  0.312  -0.172  0.392  0.349  -0.005  
14 13 0.526  -0.009  0.057  -0.248  0.524  0.007  
1 14 0.227  -0.079  -0.044  0.453  0.325  -0.004  
2 14 0.565  0.172  0.212  -0.303  0.319  0.013  
3 14 0.412  0.371  0.033  0.196  -0.057  0.008  
4 14 0.265  0.330  0.002  -0.237  0.582  0.008  
5 14 0.204  0.290  0.044  0.571  -0.188  0.003  
6 14 -0.102  0.060  0.124  0.197  0.617  -0.002  
7 14 0.010  0.148  0.241  0.124  0.390  0.004  
8 14 -0.037  -0.055  0.136  1.098  -0.354  -0.005  
9 14 0.419  0.254  0.114  0.269  -0.161  0.009  
10 14 -0.068  -0.024  0.117  0.022  0.838  -0.002  
11 14 0.592  0.412  0.055  0.498  -0.626  0.011  
12 14 0.591  0.344  0.084  0.115  -0.200  0.012  
13 14 0.084  0.307  -0.185  0.412  0.364  -0.004  
14 14 0.422  -0.013  0.030  -0.208  0.626  0.006  
1 15 0.491  -0.120  -0.001  0.403  0.058  0.004  
2 15 0.548  0.173  0.179  -0.233  0.293  0.014  
3 15 0.404  0.367  0.034  0.191  -0.042  0.010  
4 15 0.286  0.324  0.011  -0.255  0.573  0.010  
5 15 0.161  0.283  0.036  0.577  -0.133  0.003  
6 15 -0.099  0.056  0.121  0.201  0.612  0.000  
7 15 0.019  0.140  0.249  0.108  0.393  0.006  
8 15 0.210  -0.065  0.185  1.047  -0.621  0.002  
9 15 0.569  0.243  0.130  0.239  -0.310  0.014  
10 15 0.021  -0.025  0.098  0.062  0.711  0.001  
11 15 0.563  0.415  0.025  0.548  -0.620  0.011  
12 15 0.555  0.339  0.090  0.103  -0.149  0.014  
13 15 0.036  0.303  -0.204  0.453  0.397  -0.003  
14 15 0.265  -0.013  0.010  -0.188  0.802  0.005  
1 16 0.333  -0.095  0.023  0.311  0.303  0.004  




3 16 0.385  0.362  0.037  0.179  -0.008  0.012  
4 16 0.376  0.320  0.026  -0.278  0.483  0.014  
5 16 0.153  0.284  0.023  0.601  -0.139  0.005  
6 16 -0.109  0.054  0.121  0.201  0.626  0.002  
7 16 -0.030  0.135  0.242  0.117  0.450  0.006  
8 16 -0.022  -0.063  0.148  1.129  -0.410  -0.002  
9 16 0.396  0.241  0.118  0.240  -0.100  0.012  
10 16 -0.043  -0.025  0.083  0.083  0.778  0.002  
11 16 0.607  0.405  0.097  0.402  -0.576  0.016  
12 16 0.629  0.334  0.095  0.102  -0.234  0.017  
13 16 0.024  0.300  -0.218  0.476  0.401  -0.002  
14 16 0.234  -0.016  0.005  -0.185  0.841  0.006  
1 17 0.323  -0.097  -0.003  0.353  0.294  0.005  
2 17 0.526  0.175  0.163  -0.209  0.304  0.017  
3 17 0.376  0.355  0.045  0.141  0.040  0.013  
4 17 0.449  0.317  0.032  -0.286  0.405  0.017  
5 17 0.177  0.285  0.028  0.598  -0.167  0.007  
6 17 -0.102  0.053  0.127  0.192  0.623  0.004  
7 17 -0.062  0.131  0.221  0.149  0.472  0.007  
8 17 -0.121  -0.062  0.107  1.216  -0.352  -0.003  
9 17 0.365  0.235  0.125  0.217  -0.044  0.014  
10 17 -0.014  -0.027  0.066  0.116  0.726  0.004  
11 17 0.622  0.406  0.077  0.438  -0.613  0.017  
12 17 0.566  0.332  0.089  0.090  -0.144  0.017  
13 17 0.067  0.297  -0.154  0.364  0.415  0.002  
14 17 0.207  -0.018  0.025  -0.231  0.904  0.008  
1 18 0.401  -0.104  0.012  0.321  0.230  0.008  
2 18 0.533  0.178  0.212  -0.303  0.350  0.020  
3 18 0.393  0.349  0.050  0.130  0.030  0.016  
4 18 0.517  0.311  0.046  -0.310  0.344  0.020  
5 18 0.188  0.284  0.026  0.605  -0.184  0.009  
6 18 -0.100  0.050  0.144  0.159  0.641  0.006  
7 18 -0.070  0.136  0.218  0.159  0.472  0.009  
8 18 -0.122  -0.068  0.123  1.202  -0.346  -0.001  
9 18 0.330  0.239  0.161  0.139  0.043  0.016  
10 18 -0.011  -0.018  0.083  0.084  0.736  0.006  
11 18 0.646  0.408  0.055  0.484  -0.669  0.019  
12 18 0.585  0.326  0.092  0.069  -0.142  0.020  
13 18 -0.046  0.242  -0.215  0.437  0.558  0.000  
14 18 0.309  -0.022  0.006  -0.189  0.763  0.011  
1 19 0.409  -0.113  0.064  0.209  0.296  0.011  
2 19 0.579  0.163  0.228  -0.326  0.316  0.023  
3 19 0.361  0.344  0.079  0.070  0.108  0.018  
4 19 0.576  0.306  0.053  -0.322  0.286  0.023  
5 19 0.157  0.285  0.023  0.611  -0.151  0.010  
6 19 -0.075  0.048  0.149  0.153  0.616  0.008  
7 19 -0.069  0.131  0.235  0.126  0.494  0.011  
8 19 -0.179  -0.071  0.119  1.222  -0.297  0.000  
9 19 0.438  0.230  0.160  0.147  -0.082  0.019  
10 19 -0.003  -0.018  0.099  0.052  0.745  0.008  
11 19 0.686  0.404  0.064  0.469  -0.705  0.022  




13 19 -0.032  0.245  -0.217  0.427  0.553  0.002  
14 19 0.316  -0.025  0.033  -0.251  0.796  0.014  
1 20 0.368  -0.101  -0.101  0.526  0.152  0.008  
2 20 0.568  0.148  0.307  -0.479  0.424  0.026  
3 20 0.371  0.335  0.116  -0.003  0.146  0.020  
4 20 0.444  0.306  0.055  -0.343  0.457  0.023  
5 20 0.148  0.284  0.027  0.603  -0.137  0.012  
6 20 -0.075  0.045  0.185  0.083  0.659  0.011  
7 20 -0.097  0.125  0.236  0.119  0.534  0.012  
8 20 -0.268  -0.073  0.109  1.251  -0.215  0.000  
9 20 0.211  0.225  0.153  0.135  0.198  0.017  
10 20 -0.033  -0.021  0.100  0.046  0.787  0.010  
11 20 0.655  0.414  0.116  0.366  -0.615  0.025  
12 20 0.605  0.312  0.096  0.032  -0.122  0.024  
13 20 -0.009  0.247  -0.188  0.356  0.575  0.005  
14 20 0.253  -0.025  -0.004  -0.186  0.835  0.013  
1 21 0.183  -0.087  -0.205  0.788  0.174  0.004  
2 21 0.645  0.145  0.308  -0.473  0.333  0.029  
3 21 0.326  0.329  0.123  -0.023  0.215  0.022  
4 21 0.447  0.301  0.063  -0.361  0.470  0.025  
5 21 0.143  0.285  0.008  0.643  -0.155  0.013  
6 21 -0.145  0.044  0.150  0.145  0.706  0.011  
7 21 -0.102  0.119  0.238  0.115  0.546  0.014  
8 21 -0.269  -0.078  0.109  1.261  -0.221  0.002  
9 21 0.218  0.218  0.156  0.127  0.200  0.019  
10 21 -0.014  -0.024  0.104  0.036  0.775  0.012  
11 21 0.611  0.416  0.128  0.339  -0.547  0.026  
12 21 0.512  0.309  0.094  0.015  0.007  0.024  
13 21 0.004  0.252  -0.186  0.339  0.575  0.007  
14 21 0.170  -0.027  -0.013  -0.181  0.933  0.014  
1 22 0.250  -0.099  -0.138  0.653  0.187  0.009  
2 22 0.558  0.135  0.318  -0.498  0.454  0.030  
3 22 0.271  0.324  0.130  -0.043  0.295  0.023  
4 22 0.447  0.301  0.073  -0.383  0.484  0.027  
5 22 0.102  0.283  -0.001  0.659  -0.115  0.014  
6 22 -0.154  0.036  0.178  0.089  0.754  0.013  
7 22 -0.138  0.115  0.228  0.130  0.582  0.015  
8 22 -0.393  -0.080  0.089  1.285  -0.086  0.001  
9 22 0.093  0.209  0.147  0.125  0.358  0.018  
10 22 -0.013  -0.028  0.114  0.015  0.790  0.014  
11 22 0.640  0.421  0.116  0.366  -0.600  0.028  
12 22 0.554  0.301  0.117  -0.044  0.004  0.027  
13 22 -0.038  0.245  -0.206  0.356  0.628  0.008  
14 22 0.167  -0.033  0.011  -0.233  0.974  0.016  
1 23 0.225  -0.093  -0.257  0.858  0.102  0.007  
2 23 0.517  0.134  0.298  -0.464  0.484  0.031  
3 23 0.256  0.320  0.128  -0.042  0.316  0.024  
4 23 0.513  0.296  0.083  -0.401  0.421  0.030  
5 23 0.123  0.283  0.007  0.648  -0.133  0.016  
6 23 -0.121  0.031  0.215  0.020  0.759  0.016  
7 23 -0.108  0.109  0.236  0.117  0.558  0.018  




9 23 0.095  0.202  0.165  0.086  0.385  0.021  
10 23 -0.016  -0.031  0.116  0.007  0.802  0.016  
11 23 0.634  0.422  0.130  0.330  -0.568  0.030  
12 23 0.534  0.299  0.109  -0.043  0.034  0.029  
13 23 -0.065  0.237  -0.221  0.355  0.678  0.009  
14 23 0.247  -0.035  0.018  -0.248  0.893  0.019  
1 24 0.243  -0.106  -0.171  0.674  0.206  0.012  
2 24 0.483  0.128  0.276  -0.418  0.497  0.031  
3 24 0.271  0.314  0.151  -0.086  0.328  0.027  
4 24 0.535  0.293  0.093  -0.422  0.412  0.033  
5 24 0.141  0.277  0.062  0.543  -0.088  0.020  
6 24 -0.116  0.032  0.197  0.057  0.730  0.018  
7 24 -0.144  0.105  0.225  0.135  0.592  0.018  
8 24 -0.337  -0.093  0.093  1.273  -0.134  0.005  
9 24 0.055  0.191  0.185  0.038  0.470  0.022  
10 24 -0.016  -0.032  0.110  0.015  0.799  0.017  
11 24 0.647  0.425  0.105  0.375  -0.610  0.031  
12 24 0.567  0.292  0.122  -0.081  0.029  0.031  
13 24 -0.069  0.234  -0.231  0.361  0.690  0.010  
14 24 0.280  -0.039  0.012  -0.238  0.853  0.022  
1 25 0.358  -0.069  -0.056  0.426  0.214  0.019  
2 25 0.467  0.112  0.303  -0.470  0.555  0.033  
3 25 0.281  0.308  0.168  -0.120  0.341  0.029  
4 25 0.558  0.286  0.107  -0.453  0.410  0.035  
5 25 0.152  0.277  0.055  0.559  -0.111  0.022  
6 25 -0.121  0.025  0.222  0.008  0.770  0.020  
7 25 -0.165  0.100  0.226  0.131  0.622  0.020  
8 25 -0.450  -0.093  0.058  1.331  -0.034  0.004  
9 25 -0.030  0.160  0.150  0.087  0.565  0.021  
10 25 -0.014  -0.034  0.110  0.014  0.801  0.019  
11 25 0.697  0.427  0.107  0.369  -0.664  0.034  
12 25 0.591  0.289  0.129  -0.113  0.031  0.034  
13 25 -0.109  0.225  -0.241  0.365  0.746  0.011  
14 25 0.252  -0.038  -0.034  -0.153  0.837  0.022  
1 26 0.189  -0.051  -0.072  0.448  0.388  0.017  
2 26 0.505  0.111  0.270  -0.403  0.472  0.035  
3 26 0.360  0.300  0.192  -0.163  0.280  0.033  
4 26 0.549  0.289  0.119  -0.478  0.436  0.037  
5 26 0.126  0.278  0.042  0.577  -0.090  0.023  
6 26 -0.061  0.024  0.205  0.047  0.676  0.023  
7 26 -0.165  0.093  0.246  0.092  0.649  0.022  
8 26 -0.451  -0.100  0.062  1.323  -0.024  0.006  
9 26 -0.005  0.155  0.148  0.092  0.535  0.024  
10 26 -0.002  -0.037  0.116  0.000  0.798  0.021  
11 26 0.795  0.424  0.120  0.347  -0.761  0.038  
12 26 0.602  0.293  0.106  -0.068  -0.010  0.035  
13 26 -0.112  0.222  -0.255  0.377  0.752  0.013  
14 26 0.240  -0.033  -0.094  -0.044  0.786  0.022  
1 27 0.183  -0.055  -0.073  0.447  0.398  0.019  
2 27 0.518  0.104  0.279  -0.415  0.464  0.037  
3 27 0.328  0.295  0.201  -0.186  0.334  0.034  




5 27 0.114  0.278  0.039  0.578  -0.074  0.024  
6 27 -0.064  0.022  0.174  0.107  0.645  0.024  
7 27 -0.154  0.088  0.248  0.090  0.640  0.024  
8 27 -0.460  -0.106  0.065  1.316  -0.006  0.008  
9 27 0.202  0.146  0.153  0.096  0.296  0.029  
10 27 0.092  -0.042  0.132  -0.026  0.707  0.025  
11 27 0.779  0.423  0.119  0.336  -0.730  0.040  
12 27 0.651  0.287  0.116  -0.086  -0.054  0.038  
13 27 -0.124  0.220  -0.270  0.389  0.771  0.014  
14 27 0.291  -0.033  -0.145  0.056  0.670  0.023  
1 28 0.168  -0.054  -0.118  0.533  0.366  0.019  
2 28 0.149  0.108  0.244  -0.382  0.880  0.032  
3 28 0.329  0.290  0.215  -0.214  0.354  0.036  
4 28 0.767  0.283  0.142  -0.514  0.208  0.045  
5 28 0.139  0.278  0.039  0.576  -0.100  0.026  
6 28 -0.073  0.016  0.189  0.075  0.679  0.026  
7 28 -0.135  0.081  0.259  0.072  0.631  0.027  
8 28 -0.468  -0.111  0.068  1.309  0.012  0.010  
9 28 0.157  0.145  0.118  0.161  0.312  0.029  
10 28 0.641  -0.056  0.190  -0.095  0.110  0.038  
11 28 0.683  0.425  0.099  0.365  -0.634  0.039  
12 28 0.602  0.285  0.119  -0.098  0.015  0.039  
13 28 -0.126  0.222  -0.259  0.357  0.795  0.016  
14 28 0.300  -0.036  -0.111  -0.017  0.708  0.026  
1 29 0.162  -0.058  -0.118  0.531  0.378  0.021  
2 29 0.109  0.098  0.242  -0.377  0.929  0.033  
3 29 0.295  0.288  0.217  -0.223  0.402  0.038  
4 29 0.829  0.277  0.152  -0.534  0.154  0.048  
5 29 0.130  0.280  0.016  0.617  -0.111  0.028  
6 29 -0.104  0.012  0.186  0.076  0.718  0.027  
7 29 -0.198  0.075  0.254  0.077  0.707  0.027  
8 29 -0.475  -0.118  0.075  1.294  0.034  0.011  
9 29 0.168  0.140  0.119  0.158  0.304  0.031  
10 29 0.037  -0.044  0.120  -0.014  0.770  0.028  
11 29 0.675  0.423  0.109  0.343  -0.609  0.041  
12 29 0.637  0.280  0.127  -0.113  -0.013  0.042  
13 29 -0.106  0.229  -0.236  0.299  0.811  0.019  
14 29 0.220  -0.038  -0.123  -0.002  0.797  0.026  
1 30 0.157  -0.062  -0.115  0.522  0.392  0.023  
2 30 0.422  0.079  0.288  -0.437  0.604  0.041  
3 30 0.264  0.284  0.233  -0.259  0.463  0.039  
4 30 0.762  0.280  0.158  -0.554  0.245  0.049  
5 30 0.169  0.277  0.034  0.580  -0.132  0.031  
6 30 -0.140  0.008  0.186  0.071  0.767  0.028  
7 30 -0.197  0.067  0.268  0.049  0.727  0.029  
8 30 -0.483  -0.124  0.079  1.284  0.053  0.013  
9 30 0.130  0.136  0.114  0.164  0.349  0.032  
10 30 0.057  -0.046  0.125  -0.025  0.756  0.030  
11 30 0.743  0.421  0.113  0.340  -0.685  0.044  
12 30 0.670  0.277  0.121  -0.102  -0.056  0.044  
13 30 -0.018  0.233  -0.239  0.305  0.705  0.022  




1 31 0.125  -0.079  -0.123  0.542  0.423  0.024  
2 31 0.390  0.071  0.291  -0.444  0.649  0.042  
3 31 0.297  0.279  0.242  -0.274  0.436  0.042  
4 31 0.707  0.282  0.142  -0.533  0.299  0.050  
5 31 0.192  0.275  0.049  0.547  -0.135  0.033  
6 31 -0.101  0.003  0.180  0.085  0.716  0.030  
7 31 -0.242  0.064  0.237  0.106  0.747  0.029  
8 31 -0.492  -0.130  0.083  1.275  0.072  0.015  
9 31 0.070  0.133  0.111  0.162  0.423  0.033  
10 31 0.172  -0.051  0.141  -0.050  0.640  0.034  
11 31 0.533  0.425  0.092  0.360  -0.450  0.042  
12 31 0.687  0.274  0.127  -0.113  -0.066  0.046  
13 31 0.016  0.239  -0.237  0.295  0.673  0.025  
14 31 0.004  -0.033  -0.147  0.015  1.044  0.026  
  
TC (TFP) Calculation – OLS with fertilizer (Equation (8) for more details) 
TFP(%) 
              Year BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1976 -3.295  -0.775  -1.403  -1.707  -1.868  -2.753  -1.971  -1.927  -1.294  -1.953  -1.670  -1.063  -2.269  -2.014  
1977 -3.227  -0.408  -1.284  -1.456  -1.630  -2.696  -1.899  -2.071 -1.128  -1.816  -1.426  -0.852  -2.162  -1.652  
1978 -2.669  -0.489  -1.170  -1.314  -1.432  -2.524  -1.717  -2.591  -0.887  -1.650  -1.209  -0.662  -1.924  -1.659  
1979 -2.288  -0.284  -0.979  -1.138  -1.317  -2.135  -1.585  -2.453  -0.636  -1.449  -0.631  -0.582  -1.723  -1.465  
1980 -2.178  -0.179  -0.761  -1.002  -1.041  -1.773  -1.488  -1.335  -0.630  -1.415  -0.706  -0.370  -1.486  -1.348  
1981 -2.197  0.126  -0.566  -0.870  -0.824  -1.693  -1.241  -2.243  -0.449  -1.239  -0.401  -0.202  -1.313  -1.019  
1982 -1.903  0.381  -0.357  -0.623  -0.709  -1.296  -1.047  -1.964  -0.208  -0.930  -0.256  0.026  -1.215  -0.741  
1983 -1.803  0.368  -0.296  -0.407  -0.481  -1.221  -0.880  -1.655  -0.227  -0.880  -0.175  0.272  -1.132  -0.760  
1984 -1.614  0.485  -0.139  -0.283  -0.445  -0.855  -0.511  -1.560  -0.193  -0.977  0.095  0.375  -1.038  -0.471  
1985 -0.980  0.670  0.179  -0.071  -0.281  -0.863  -0.369  -1.306  0.188  -0.461  0.156  0.600  -0.879  -0.326  
1986 -0.790  0.705  0.353  0.145  -0.092  -0.616  -0.286  -0.932  0.350  -0.490  0.389  0.651  -0.776  -0.004  
1987 -0.641  0.918  0.489  0.394  -0.022  -0.604  -0.060  -0.765  0.428  -0.460  0.783  0.816  -0.582  0.058  
1988 -0.470  1.101  0.668  0.623  0.203  -0.448  0.261  -0.545  0.561  -0.307  0.736  0.992  -0.476  0.698  
1989 -0.364  1.309  0.828  0.769  0.254  -0.177  0.362  -0.549  0.878  -0.158  1.083  1.236  -0.362  0.628  
1990 0.362  1.376  0.997  1.007  0.334  0.002  0.575  0.173  1.361  0.134  1.142  1.366  -0.323  0.485  
1991 0.353  1.637  1.152  1.382  0.471  0.163  0.649  -0.161  1.208  0.164  1.581  1.686  -0.201  0.598  
1992 0.455  1.670  1.343  1.705  0.705  0.372  0.723  -0.265  1.352  0.354  1.741  1.749  0.209  0.784  
1993 0.812  1.988  1.566  2.040  0.898  0.599  0.884  -0.059  1.571  0.591  1.910  1.975  0.006  1.096  
1994 1.138  2.280  1.759  2.341  1.014  0.833  1.106  0.002  1.936  0.829  2.183  2.170  0.215  1.362  
1995 0.839  2.633  2.047  2.297  1.190  1.107  1.240  -0.009  1.699  0.957  2.450  2.389  0.518  1.339  
1996 0.403  2.949  2.163  2.499  1.313  1.075  1.411  0.162  1.896  1.182  2.585  2.406  0.737  1.352  
1997 0.869  2.996  2.263  2.708  1.397  1.306  1.503  0.074  1.832  1.387  2.792  2.724  0.794  1.587  
1998 0.724  3.055  2.411  3.030  1.631  1.637  1.755  0.290  2.059  1.569  3.002  2.854  0.897  1.929  
1999 1.152  3.114  2.673  3.274  1.978  1.782  1.843  0.543  2.216  1.736  3.149  3.129  1.046  2.154  
2000 1.867  3.323  2.911  3.529  2.160  2.011  1.987  0.437  2.139  1.919  3.428  3.379  1.130  2.170  
2001 1.722  3.489  3.288  3.725  2.267  2.257  2.213  0.621  2.357  2.135  3.815  3.525  1.271  2.187  
2002 1.888  3.711  3.434  4.145  2.419  2.354  2.416  0.791  2.912  2.521  3.971  3.817  1.396  2.330  
2003 1.929  3.157  3.649  4.531  2.647  2.552  2.652  0.962  2.923  3.809  3.936  3.918  1.608  2.614  
2004 2.098  3.253  3.776  4.844  2.755  2.672  2.706  1.144  3.124  2.757  4.128  4.177  1.893  2.623  
2005 2.277  4.089  3.941  4.925  3.052  2.786  2.919  1.318  3.224  2.986  4.438  4.403  2.229  2.838  





ii. ML with Fertilizer 
Input Elasticitiy Calculations (Equation(7) in Chapter1) 
output elasticity Labor Fertilizer Tractor Livestock Land Time 
countries year x1 x2 x3 x4 x5 T 
1 1 -0.060  0.086  0.213  0.814  -0.076  -0.032  
2 1 0.212  0.078  0.305  -0.047  0.329  -0.012  
3 1 0.550  0.278  -0.043  -0.088  0.269  -0.023  
4 1 0.742  0.326  -0.272  -0.409  0.498  -0.023  
5 1 0.447  0.237  0.074  0.441  -0.012  -0.033  
6 1 0.288  0.170  0.068  0.535  0.133  -0.037  
7 1 0.280  0.163  0.187  0.426  0.198  -0.033  
8 1 0.714  -0.097  0.237  1.510  -0.979  -0.041  
9 1 0.519  0.194  0.101  0.258  0.055  -0.027  
10 1 0.275  0.082  0.180  0.312  0.243  -0.026  
11 1 0.531  0.298  0.019  0.401  -0.116  -0.032  
12 1 0.575  0.249  0.002  -0.099  0.223  -0.021  
13 1 0.384  0.278  -0.090  -0.054  0.372  -0.026  
14 1 0.311  0.097  0.056  -0.034  0.428  -0.019  
1 2 -0.053  0.092  0.192  0.813  -0.075  -0.031  
2 2 0.246  0.058  0.317  -0.085  0.325  -0.008  
3 2 0.535  0.284  -0.043  -0.089  0.282  -0.022  
4 2 0.739  0.323  -0.273  -0.501  0.575  -0.020  
5 2 0.451  0.231  0.082  0.422  -0.005  -0.031  
6 2 0.323  0.174  0.031  0.547  0.103  -0.036  
7 2 0.302  0.169  0.160  0.436  0.180  -0.032  
8 2 0.486  -0.003  0.208  1.597  -0.838  -0.047  
9 2 0.507  0.194  0.106  0.246  0.075  -0.025  
10 2 0.274  0.079  0.178  0.312  0.247  -0.025  
11 2 0.549  0.295  0.008  0.329  -0.071  -0.029  
12 2 0.577  0.246  0.003  -0.130  0.245  -0.018  
13 2 0.377  0.291  -0.102  -0.066  0.383  -0.024  
14 2 0.362  0.078  0.053  -0.090  0.427  -0.016  
1 3 -0.089  0.061  0.273  0.736  -0.007  -0.026  
2 3 0.137  0.099  0.330  -0.087  0.414  -0.009  
3 3 0.521  0.289  -0.044  -0.091  0.297  -0.021  
4 3 0.722  0.322  -0.267  -0.511  0.598  -0.018  
5 3 0.445  0.229  0.089  0.407  0.009  -0.029  
6 3 0.326  0.176  0.027  0.531  0.112  -0.034  
7 3 0.319  0.163  0.153  0.427  0.175  -0.030  
8 3 0.476  0.001  0.203  1.591  -0.822  -0.046  
9 3 0.524  0.182  0.110  0.230  0.073  -0.023  
10 3 0.253  0.075  0.192  0.305  0.271  -0.023  
11 3 0.555  0.289  0.006  0.279  -0.035  -0.027  
12 3 0.581  0.245  0.000  -0.159  0.264  -0.016  
13 3 0.367  0.294  -0.091  -0.092  0.400  -0.022  
14 3 0.310  0.102  0.048  -0.092  0.471  -0.016  
1 4 -0.160  0.048  0.345  0.680  0.080  -0.023  
2 4 0.141  0.095  0.332  -0.105  0.423  -0.007  
3 4 0.528  0.287  -0.043  -0.098  0.297  -0.019  
4 4 0.714  0.318  -0.263  -0.533  0.623  -0.016  
5 4 0.439  0.233  0.083  0.403  0.018  -0.028  




7 4 0.319  0.162  0.148  0.426  0.178  -0.028  
8 4 0.470  0.001  0.201  1.583  -0.809  -0.044  
9 4 0.539  0.169  0.116  0.210  0.076  -0.020  
10 4 0.272  0.062  0.191  0.301  0.262  -0.021  
11 4 0.605  0.249  0.041  0.198  -0.024  -0.021  
12 4 0.562  0.254  -0.007  -0.174  0.294  -0.015  
13 4 0.344  0.299  -0.078  -0.115  0.426  -0.020  
14 4 0.318  0.099  0.045  -0.108  0.474  -0.014  
1 5 -0.134  0.048  0.320  0.678  0.066  -0.022  
2 5 0.113  0.095  0.341  -0.100  0.448  -0.006  
3 5 0.543  0.281  -0.043  -0.108  0.292  -0.017  
4 5 0.695  0.321  -0.256  -0.529  0.633  -0.015  
5 5 0.454  0.223  0.090  0.379  0.019  -0.025  
6 5 0.338  0.145  0.082  0.444  0.150  -0.027  
7 5 0.378  0.160  0.106  0.439  0.130  -0.027  
8 5 0.688  -0.099  0.236  1.470  -0.921  -0.035  
9 5 0.505  0.180  0.109  0.218  0.105  -0.020  
10 5 0.249  0.069  0.184  0.313  0.278  -0.021  
11 5 0.489  0.276  0.064  0.199  0.072  -0.022  
12 5 0.553  0.251  0.000  -0.206  0.323  -0.013  
13 5 0.323  0.302  -0.060  -0.142  0.450  -0.018  
14 5 0.303  0.103  0.056  -0.052  0.434  -0.013  
1 6 -0.062  0.054  0.250  0.701  0.006  -0.021  
2 6 0.137  0.081  0.349  -0.128  0.446  -0.003  
3 6 0.547  0.279  -0.042  -0.119  0.295  -0.015  
4 6 0.667  0.323  -0.243  -0.523  0.650  -0.014  
5 6 0.413  0.220  0.122  0.360  0.062  -0.023  
6 6 0.279  0.149  0.103  0.445  0.198  -0.026  
7 6 0.390  0.148  0.115  0.428  0.127  -0.025  
8 6 0.424  0.009  0.206  1.572  -0.759  -0.042  
9 6 0.505  0.176  0.111  0.204  0.117  -0.018  
10 6 0.229  0.067  0.196  0.298  0.305  -0.019  
11 6 0.512  0.263  0.073  0.172  0.071  -0.019  
12 6 0.553  0.247  0.003  -0.204  0.322  -0.011  
13 6 0.333  0.294  -0.061  -0.135  0.438  -0.016  
14 6 0.338  0.086  0.051  -0.141  0.479  -0.009  
1 7 -0.081  0.043  0.280  0.666  0.042  -0.018  
2 7 0.158  0.070  0.352  -0.149  0.444  0.000  
3 7 0.537  0.278  -0.031  -0.134  0.312  -0.013  
4 7 0.671  0.317  -0.234  -0.543  0.658  -0.012  
5 7 0.424  0.220  0.109  0.364  0.055  -0.022  
6 7 0.282  0.124  0.141  0.408  0.215  -0.022  
7 7 0.358  0.144  0.139  0.418  0.159  -0.023  
8 7 0.442  -0.005  0.215  1.549  -0.757  -0.039  
9 7 0.522  0.166  0.113  0.183  0.119  -0.016  
10 7 0.281  0.044  0.193  0.281  0.276  -0.016  
11 7 0.507  0.263  0.072  0.165  0.082  -0.017  
12 7 0.555  0.238  0.015  -0.210  0.325  -0.009  
13 7 0.334  0.298  -0.071  -0.124  0.429  -0.015  
14 7 0.385  0.069  0.044  -0.154  0.452  -0.007  
1 8 -0.120  0.024  0.310  0.702  0.062  -0.018  




3 8 0.524  0.285  -0.040  -0.126  0.321  -0.013  
4 8 0.670  0.313  -0.226  -0.555  0.665  -0.010  
5 8 0.489  0.205  0.084  0.360  0.009  -0.019  
6 8 0.238  0.133  0.150  0.408  0.252  -0.022  
7 8 0.396  0.136  0.121  0.423  0.129  -0.021  
8 8 0.481  -0.024  0.217  1.526  -0.772  -0.036  
9 8 0.555  0.175  0.065  0.203  0.090  -0.015  
10 8 0.300  0.046  0.166  0.296  0.257  -0.015  
11 8 0.430  0.274  0.100  0.156  0.149  -0.016  
12 8 0.566  0.227  0.024  -0.219  0.321  -0.007  
13 8 0.332  0.300  -0.077  -0.090  0.405  -0.014  
14 8 0.318  0.085  0.054  -0.139  0.499  -0.006  
1 9 -0.102  0.018  0.302  0.689  0.060  -0.016  
2 9 0.108  0.080  0.346  -0.133  0.484  0.001  
3 9 0.516  0.286  -0.037  -0.133  0.332  -0.011  
4 9 0.654  0.314  -0.222  -0.554  0.677  -0.008  
5 9 0.451  0.216  0.084  0.367  0.038  -0.019  
6 9 0.269  0.113  0.166  0.377  0.244  -0.018  
7 9 0.335  0.151  0.175  0.366  0.200  -0.019  
8 9 0.466  -0.021  0.214  1.525  -0.756  -0.035  
9 9 0.545  0.185  0.048  0.208  0.100  -0.015  
10 9 0.250  0.070  0.151  0.319  0.288  -0.015  
11 9 0.491  0.259  0.082  0.140  0.113  -0.014  
12 9 0.537  0.231  0.032  -0.212  0.340  -0.006  
13 9 0.323  0.303  -0.082  -0.083  0.411  -0.013  
14 9 0.330  0.068  0.070  -0.157  0.502  -0.004  
1 10 -0.035  -0.014  0.334  0.611  0.046  -0.010  
2 10 0.078  0.086  0.361  -0.163  0.528  0.003  
3 10 0.512  0.274  -0.011  -0.162  0.350  -0.008  
4 10 0.651  0.311  -0.216  -0.577  0.696  -0.006  
5 10 0.445  0.214  0.087  0.360  0.048  -0.017  
6 10 0.235  0.131  0.155  0.389  0.266  -0.018  
7 10 0.326  0.149  0.179  0.367  0.209  -0.017  
8 10 0.477  -0.033  0.222  1.505  -0.751  -0.033  
9 10 0.586  0.161  0.060  0.171  0.090  -0.011  
10 10 0.290  0.036  0.185  0.267  0.282  -0.011  
11 10 0.464  0.267  0.080  0.143  0.135  -0.013  
12 10 0.537  0.222  0.045  -0.218  0.344  -0.004  
13 10 0.322  0.302  -0.083  -0.088  0.414  -0.012  
14 10 0.302  0.070  0.082  -0.166  0.530  -0.002  
1 11 -0.039  -0.018  0.339  0.595  0.062  -0.008  
2 11 0.033  0.102  0.361  -0.168  0.571  0.004  
3 11 0.500  0.273  -0.003  -0.171  0.366  -0.006  
4 11 0.631  0.313  -0.204  -0.616  0.738  -0.004  
5 11 0.451  0.209  0.088  0.351  0.050  -0.015  
6 11 0.271  0.121  0.148  0.377  0.246  -0.016  
7 11 0.287  0.153  0.189  0.373  0.238  -0.016  
8 11 0.507  -0.056  0.240  1.471  -0.754  -0.029  
9 11 0.569  0.161  0.067  0.156  0.115  -0.010  
10 11 0.270  0.052  0.163  0.283  0.293  -0.011  
11 11 0.424  0.263  0.113  0.120  0.180  -0.011  




13 11 0.305  0.309  -0.085  -0.089  0.428  -0.010  
14 11 0.322  0.050  0.098  -0.187  0.527  0.001  
1 12 -0.028  -0.020  0.329  0.586  0.062  -0.007  
2 12 0.026  0.103  0.370  -0.186  0.589  0.006  
3 12 0.482  0.273  0.003  -0.175  0.384  -0.005  
4 12 0.624  0.311  -0.189  -0.639  0.756  -0.002  
5 12 0.431  0.216  0.084  0.355  0.067  -0.014  
6 12 0.243  0.133  0.139  0.391  0.262  -0.015  
7 12 0.293  0.142  0.198  0.365  0.239  -0.014  
8 12 0.485  -0.058  0.253  1.459  -0.727  -0.027  
9 12 0.532  0.169  0.072  0.151  0.150  -0.008  
10 12 0.237  0.066  0.158  0.288  0.319  -0.010  
11 12 0.421  0.244  0.150  0.077  0.204  -0.007  
12 12 0.481  0.229  0.062  -0.207  0.383  -0.002  
13 12 0.258  0.307  -0.053  -0.099  0.469  -0.009  
14 12 0.296  0.060  0.095  -0.184  0.547  0.002  
1 13 -0.026  -0.023  0.328  0.574  0.071  -0.005  
2 13 0.014  0.105  0.377  -0.205  0.611  0.007  
3 13 0.463  0.271  0.016  -0.185  0.405  -0.003  
4 13 0.627  0.305  -0.181  -0.655  0.762  0.001  
5 13 0.446  0.207  0.085  0.342  0.063  -0.012  
6 13 0.239  0.132  0.140  0.387  0.268  -0.014  
7 13 0.288  0.145  0.219  0.329  0.259  -0.012  
8 13 0.477  -0.065  0.266  1.442  -0.709  -0.025  
9 13 0.510  0.172  0.078  0.140  0.178  -0.007  
10 13 0.203  0.069  0.174  0.275  0.354  -0.009  
11 13 0.403  0.263  0.124  0.096  0.212  -0.007  
12 13 0.470  0.225  0.072  -0.208  0.392  0.000  
13 13 0.278  0.310  -0.075  -0.099  0.456  -0.007  
14 13 0.414  0.009  0.108  -0.241  0.485  0.007  
1 14 0.000  -0.022  0.303  0.575  0.055  -0.003  
2 14 0.000  0.107  0.387  -0.229  0.637  0.009  
3 14 0.450  0.269  0.022  -0.192  0.421  -0.002  
4 14 0.613  0.305  -0.177  -0.665  0.782  0.002  
5 14 0.431  0.216  0.075  0.349  0.073  -0.011  
6 14 0.258  0.121  0.147  0.371  0.262  -0.011  
7 14 0.260  0.147  0.227  0.334  0.280  -0.011  
8 14 0.413  -0.049  0.274  1.448  -0.658  -0.025  
9 14 0.515  0.161  0.096  0.104  0.195  -0.004  
10 14 0.198  0.070  0.173  0.268  0.363  -0.007  
11 14 0.537  0.237  0.078  0.078  0.120  -0.004  
12 14 0.476  0.214  0.084  -0.216  0.392  0.002  
13 14 0.281  0.309  -0.084  -0.095  0.453  -0.006  
14 14 0.385  0.025  0.087  -0.215  0.499  0.007  
1 15 0.156  -0.107  0.325  0.546  -0.047  0.003  
2 15 0.035  0.110  0.354  -0.208  0.602  0.010  
3 15 0.447  0.267  0.025  -0.198  0.429  0.000  
4 15 0.617  0.296  -0.167  -0.679  0.787  0.004  
5 15 0.416  0.218  0.071  0.355  0.085  -0.010  
6 15 0.265  0.116  0.147  0.367  0.260  -0.010  
7 15 0.263  0.137  0.235  0.327  0.284  -0.008  




9 15 0.595  0.124  0.104  0.060  0.158  0.000  
10 15 0.274  0.053  0.150  0.252  0.312  -0.004  
11 15 0.554  0.245  0.050  0.084  0.108  -0.003  
12 15 0.450  0.215  0.095  -0.214  0.411  0.004  
13 15 0.272  0.314  -0.095  -0.069  0.444  -0.005  
14 15 0.310  0.054  0.078  -0.189  0.548  0.006  
1 16 -0.006  -0.058  0.367  0.496  0.105  0.003  
2 16 0.010  0.107  0.380  -0.235  0.635  0.012  
3 16 0.433  0.265  0.032  -0.204  0.444  0.002  
4 16 0.657  0.274  -0.155  -0.709  0.771  0.008  
5 16 0.422  0.220  0.062  0.356  0.079  -0.009  
6 16 0.260  0.115  0.149  0.364  0.266  -0.008  
7 16 0.244  0.142  0.233  0.334  0.297  -0.008  
8 16 0.408  -0.066  0.301  1.490  -0.693  -0.022  
9 16 0.503  0.155  0.102  0.082  0.224  -0.001  
10 16 0.251  0.063  0.141  0.262  0.328  -0.004  
11 16 0.498  0.226  0.123  0.026  0.180  0.001  
12 16 0.493  0.196  0.097  -0.230  0.386  0.006  
13 16 0.276  0.313  -0.103  -0.066  0.439  -0.004  
14 16 0.298  0.057  0.077  -0.190  0.561  0.007  
1 17 0.020  -0.057  0.342  0.498  0.088  0.005  
2 17 0.047  0.114  0.339  -0.219  0.606  0.013  
3 17 0.423  0.262  0.038  -0.232  0.475  0.004  
4 17 0.695  0.256  -0.151  -0.732  0.753  0.011  
5 17 0.430  0.214  0.070  0.345  0.078  -0.007  
6 17 0.260  0.111  0.156  0.353  0.273  -0.006  
7 17 0.253  0.145  0.214  0.342  0.291  -0.007  
8 17 0.394  -0.048  0.270  1.541  -0.711  -0.023  
9 17 0.479  0.156  0.112  0.074  0.249  0.001  
10 17 0.289  0.056  0.124  0.258  0.302  -0.002  
11 17 0.532  0.224  0.102  0.021  0.159  0.003  
12 17 0.463  0.206  0.095  -0.240  0.422  0.007  
13 17 0.216  0.299  -0.030  -0.104  0.494  -0.001  
14 17 0.257  0.059  0.101  -0.208  0.603  0.009  
1 18 0.054  -0.078  0.354  0.465  0.081  0.008  
2 18 -0.011  0.112  0.392  -0.259  0.668  0.016  
3 18 0.431  0.253  0.045  -0.241  0.475  0.006  
4 18 0.723  0.237  -0.138  -0.757  0.745  0.014  
5 18 0.436  0.210  0.071  0.340  0.074  -0.005  
6 18 0.243  0.106  0.176  0.338  0.294  -0.004  
7 18 0.250  0.149  0.213  0.337  0.296  -0.005  
8 18 0.377  -0.055  0.291  1.547  -0.706  -0.021  
9 18 0.413  0.163  0.153  0.042  0.318  0.003  
10 18 0.266  0.060  0.145  0.233  0.332  0.000  
11 18 0.573  0.219  0.080  0.022  0.129  0.004  
12 18 0.474  0.199  0.095  -0.266  0.432  0.010  
13 18 0.238  0.284  -0.086  -0.041  0.459  -0.001  
14 18 0.345  0.037  0.077  -0.222  0.543  0.012  
1 19 0.001  -0.089  0.408  0.423  0.146  0.011  
2 19 0.012  0.090  0.406  -0.266  0.656  0.018  
3 19 0.378  0.253  0.079  -0.257  0.524  0.008  




5 19 0.416  0.215  0.074  0.342  0.087  -0.004  
6 19 0.255  0.099  0.181  0.327  0.291  -0.002  
7 19 0.234  0.142  0.232  0.324  0.315  -0.003  
8 19 0.346  -0.049  0.297  1.573  -0.700  -0.020  
9 19 0.488  0.134  0.146  0.022  0.273  0.006  
10 19 0.250  0.056  0.163  0.213  0.353  0.003  
11 19 0.588  0.208  0.089  0.004  0.126  0.007  
12 19 0.486  0.192  0.092  -0.285  0.440  0.012  
13 19 0.242  0.283  -0.086  -0.068  0.472  0.001  
14 19 0.315  0.031  0.107  -0.253  0.583  0.015  
1 20 0.170  -0.069  0.240  0.505  -0.019  0.009  
2 20 -0.079  0.077  0.490  -0.302  0.743  0.021  
3 20 0.345  0.242  0.118  -0.282  0.563  0.010  
4 20 0.664  0.245  -0.118  -0.768  0.798  0.017  
5 20 0.402  0.214  0.084  0.337  0.098  -0.002  
6 20 0.213  0.094  0.221  0.301  0.336  0.001  
7 20 0.218  0.142  0.238  0.324  0.329  -0.002  
8 20 0.302  -0.037  0.299  1.608  -0.688  -0.020  
9 20 0.357  0.173  0.155  0.056  0.362  0.005  
10 20 0.231  0.059  0.168  0.211  0.371  0.004  
11 20 0.500  0.218  0.149  -0.037  0.212  0.009  
12 20 0.492  0.184  0.097  -0.307  0.452  0.014  
13 20 0.214  0.279  -0.054  -0.114  0.519  0.004  
14 20 0.321  0.044  0.074  -0.233  0.572  0.015  
1 21 0.166  -0.027  0.162  0.660  -0.115  0.005  
2 21 -0.029  0.059  0.487  -0.320  0.715  0.024  
3 21 0.310  0.245  0.131  -0.283  0.592  0.012  
4 21 0.657  0.239  -0.108  -0.779  0.810  0.019  
5 21 0.419  0.214  0.068  0.345  0.081  -0.001  
6 21 0.212  0.106  0.192  0.328  0.326  0.001  
7 21 0.216  0.137  0.241  0.322  0.333  0.000  
8 21 0.304  -0.042  0.303  1.616  -0.695  -0.019  
9 21 0.362  0.166  0.158  0.047  0.364  0.007  
10 21 0.237  0.051  0.174  0.197  0.373  0.006  
11 21 0.456  0.226  0.166  -0.047  0.252  0.010  
12 21 0.438  0.199  0.100  -0.310  0.502  0.015  
13 21 0.211  0.280  -0.050  -0.144  0.538  0.006  
14 21 0.280  0.057  0.071  -0.224  0.603  0.015  
1 22 0.132  -0.051  0.228  0.602  -0.058  0.009  
2 22 -0.087  0.066  0.504  -0.307  0.755  0.025  
3 22 0.270  0.250  0.143  -0.282  0.623  0.013  
4 22 0.643  0.237  -0.095  -0.795  0.829  0.021  
5 22 0.401  0.220  0.066  0.353  0.090  0.000  
6 22 0.178  0.099  0.223  0.312  0.361  0.003  
7 22 0.208  0.140  0.236  0.329  0.338  0.001  
8 22 0.250  -0.020  0.292  1.640  -0.662  -0.019  
9 22 0.298  0.182  0.159  0.067  0.408  0.006  
10 22 0.227  0.047  0.186  0.185  0.388  0.008  
11 22 0.486  0.223  0.154  -0.056  0.234  0.012  
12 22 0.440  0.185  0.121  -0.349  0.525  0.018  
13 22 0.205  0.284  -0.066  -0.147  0.549  0.007  




1 23 0.260  -0.038  0.104  0.636  -0.160  0.009  
2 23 -0.088  0.072  0.489  -0.296  0.752  0.026  
3 23 0.265  0.249  0.145  -0.284  0.630  0.014  
4 23 0.672  0.220  -0.085  -0.819  0.819  0.024  
5 23 0.402  0.213  0.077  0.341  0.093  0.002  
6 23 0.157  0.087  0.261  0.281  0.393  0.006  
7 23 0.221  0.128  0.244  0.317  0.334  0.003  
8 23 0.276  -0.029  0.283  1.615  -0.662  -0.017  
9 23 0.282  0.175  0.178  0.051  0.431  0.009  
10 23 0.222  0.044  0.192  0.176  0.398  0.010  
11 23 0.463  0.223  0.172  -0.078  0.265  0.014  
12 23 0.440  0.186  0.114  -0.361  0.537  0.019  
13 23 0.203  0.284  -0.078  -0.160  0.564  0.009  
14 23 0.292  0.034  0.103  -0.276  0.623  0.021  
1 24 0.173  -0.054  0.191  0.569  -0.056  0.012  
2 24 -0.075  0.073  0.469  -0.273  0.733  0.026  
3 24 0.250  0.240  0.169  -0.303  0.652  0.017  
4 24 0.674  0.212  -0.074  -0.837  0.827  0.026  
5 24 0.345  0.202  0.138  0.306  0.151  0.005  
6 24 0.182  0.086  0.244  0.284  0.373  0.007  
7 24 0.215  0.131  0.237  0.326  0.337  0.004  
8 24 0.289  -0.043  0.294  1.614  -0.674  -0.014  
9 24 0.238  0.173  0.203  0.042  0.472  0.010  
10 24 0.228  0.042  0.188  0.170  0.398  0.012  
11 24 0.499  0.223  0.146  -0.083  0.242  0.016  
12 24 0.448  0.175  0.124  -0.392  0.552  0.022  
13 24 0.206  0.283  -0.084  -0.172  0.570  0.011  
14 24 0.321  0.023  0.096  -0.287  0.608  0.023  
1 25 0.065  -0.051  0.310  0.404  0.106  0.019  
2 25 -0.106  0.062  0.498  -0.278  0.761  0.028  
3 25 0.239  0.231  0.188  -0.318  0.669  0.019  
4 25 0.672  0.202  -0.058  -0.855  0.838  0.028  
5 25 0.358  0.199  0.133  0.301  0.143  0.007  
6 25 0.153  0.080  0.272  0.268  0.404  0.009  
7 25 0.203  0.130  0.241  0.325  0.348  0.006  
8 25 0.261  -0.022  0.267  1.647  -0.666  -0.015  
9 25 0.241  0.167  0.173  0.088  0.453  0.010  
10 25 0.230  0.039  0.190  0.161  0.402  0.013  
11 25 0.526  0.213  0.147  -0.108  0.236  0.019  
12 25 0.458  0.168  0.128  -0.428  0.570  0.025  
13 25 0.192  0.284  -0.089  -0.171  0.583  0.012  
14 25 0.359  0.030  0.052  -0.267  0.572  0.023  
1 26 -0.030  -0.007  0.307  0.422  0.171  0.018  
2 26 -0.042  0.054  0.464  -0.272  0.711  0.030  
3 26 0.262  0.209  0.211  -0.349  0.666  0.022  
4 26 0.649  0.203  -0.042  -0.873  0.865  0.030  
5 26 0.354  0.204  0.125  0.300  0.148  0.008  
6 26 0.213  0.066  0.253  0.262  0.362  0.012  
7 26 0.184  0.123  0.264  0.313  0.370  0.008  
8 26 0.259  -0.028  0.273  1.642  -0.661  -0.013  
9 26 0.263  0.157  0.172  0.081  0.441  0.012  




11 26 0.574  0.191  0.155  -0.143  0.218  0.022  
12 26 0.490  0.168  0.106  -0.428  0.547  0.026  
13 26 0.200  0.283  -0.099  -0.182  0.584  0.014  
14 26 0.419  0.037  -0.007  -0.248  0.520  0.024  
1 27 -0.031  -0.010  0.309  0.418  0.176  0.019  
2 27 -0.036  0.043  0.473  -0.276  0.709  0.032  
3 27 0.233  0.210  0.224  -0.353  0.692  0.024  
4 27 0.701  0.178  -0.031  -0.910  0.843  0.034  
5 27 0.347  0.205  0.125  0.293  0.158  0.010  
6 27 0.250  0.065  0.223  0.275  0.329  0.013  
7 27 0.192  0.115  0.267  0.308  0.367  0.010  
8 27 0.254  -0.032  0.279  1.639  -0.654  -0.012  
9 27 0.393  0.110  0.164  0.038  0.364  0.017  
10 27 0.271  0.010  0.211  0.117  0.393  0.019  
11 27 0.565  0.193  0.156  -0.159  0.237  0.024  
12 27 0.511  0.153  0.116  -0.447  0.541  0.029  
13 27 0.203  0.284  -0.110  -0.193  0.591  0.015  
14 27 0.513  0.028  -0.062  -0.240  0.447  0.026  
1 28 0.012  -0.007  0.266  0.438  0.134  0.020  
2 28 -0.230  0.117  0.464  -0.207  0.830  0.028  
3 28 0.219  0.204  0.241  -0.366  0.711  0.026  
4 28 0.755  0.155  -0.026  -0.942  0.817  0.038  
5 28 0.360  0.199  0.127  0.277  0.157  0.012  
6 28 0.229  0.060  0.241  0.264  0.352  0.015  
7 28 0.197  0.105  0.278  0.298  0.369  0.012  
8 28 0.249  -0.036  0.284  1.636  -0.647  -0.010  
9 28 0.408  0.118  0.133  0.059  0.344  0.018  
10 28 0.551  -0.108  0.239  -0.007  0.234  0.030  
11 28 0.526  0.212  0.144  -0.142  0.261  0.024  
12 28 0.478  0.159  0.124  -0.448  0.569  0.030  
13 28 0.181  0.285  -0.095  -0.218  0.621  0.017  
14 28 0.475  0.022  -0.024  -0.272  0.493  0.028  
1 29 0.010  -0.010  0.268  0.433  0.140  0.022  
2 29 -0.243  0.116  0.464  -0.194  0.835  0.029  
3 29 0.196  0.207  0.248  -0.369  0.731  0.027  
4 29 0.781  0.138  -0.016  -0.966  0.810  0.041  
5 29 0.379  0.202  0.106  0.279  0.143  0.013  
6 29 0.214  0.062  0.243  0.265  0.364  0.016  
7 29 0.168  0.112  0.278  0.309  0.388  0.013  
8 29 0.240  -0.041  0.294  1.631  -0.636  -0.008  
9 29 0.416  0.111  0.135  0.053  0.342  0.020  
10 29 0.248  0.017  0.208  0.114  0.415  0.022  
11 29 0.509  0.211  0.157  -0.155  0.281  0.026  
12 29 0.491  0.148  0.132  -0.465  0.568  0.032  
13 29 0.152  0.285  -0.067  -0.264  0.666  0.020  
14 29 0.440  0.035  -0.030  -0.261  0.517  0.029  
1 30 0.004  -0.013  0.274  0.426  0.149  0.023  
2 30 -0.088  0.039  0.493  -0.261  0.748  0.036  
3 30 0.158  0.208  0.268  -0.379  0.766  0.029  
4 30 0.727  0.151  -0.003  -0.972  0.855  0.042  
5 30 0.380  0.191  0.125  0.252  0.156  0.016  




7 30 0.156  0.103  0.295  0.301  0.402  0.015  
8 30 0.233  -0.045  0.301  1.627  -0.627  -0.006  
9 30 0.400  0.114  0.134  0.056  0.355  0.021  
10 30 0.254  0.010  0.214  0.099  0.419  0.024  
11 30 0.547  0.195  0.160  -0.176  0.263  0.028  
12 30 0.519  0.138  0.127  -0.474  0.552  0.035  
13 30 0.204  0.270  -0.073  -0.296  0.642  0.023  
14 30 0.442  0.031  -0.025  -0.277  0.523  0.031  
1 31 0.011  -0.021  0.268  0.452  0.134  0.024  
2 31 -0.105  0.037  0.499  -0.257  0.760  0.037  
3 31 0.171  0.197  0.277  -0.395  0.765  0.031  
4 31 0.707  0.162  -0.012  -0.967  0.869  0.042  
5 31 0.373  0.184  0.143  0.229  0.173  0.019  
6 31 0.227  0.053  0.240  0.259  0.360  0.020  
7 31 0.168  0.109  0.268  0.322  0.385  0.015  
8 31 0.227  -0.050  0.307  1.623  -0.619  -0.005  
9 31 0.368  0.122  0.137  0.063  0.378  0.022  
10 31 0.307  -0.017  0.227  0.063  0.395  0.028  
11 31 0.437  0.237  0.154  -0.142  0.334  0.027  
12 31 0.524  0.131  0.134  -0.487  0.555  0.037  
13 31 0.213  0.267  -0.068  -0.324  0.649  0.026  
14 31 0.324  0.077  -0.034  -0.238  0.599  0.029  
 
  
TC Calculations – ML with fertilizer (Equation (8) in Chapter1) 
Year BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1976 -3.245  -1.175  -2.335  -2.329  -3.320  -3.658  -3.267  -4.105  -2.699  -2.642  -3.233  -2.060  -2.554  -1.949  
1977 -3.144  -0.833  -2.218  -2.006  -3.091  -3.574  -3.177  -4.714  -2.532  -2.495  -2.939  -1.835  -2.427  -1.583  
1978 -2.646  -0.889  -2.100  -1.845  -2.896  -3.399  -2.990  -4.585  -2.297  -2.326  -2.683  -1.625  -2.203  -1.552  
1979 -2.296  -0.682  -1.922  -1.647  -2.768  -3.046  -2.848  -4.433  -2.049  -2.119  -2.144  -1.507  -2.002  -1.353  
1980 -2.160  -0.573  -1.719  -1.519  -2.507  -2.716  -2.732  -3.461  -2.006  -2.059  -2.168  -1.282  -1.772  -1.299  
1981 -2.126  -0.284  -1.535  -1.392  -2.300  -2.614  -2.501  -4.185  -1.816  -1.877  -1.885  -1.123  -1.604  -0.914  
1982 -1.845  -0.034  -1.340  -1.163  -2.171  -2.249  -2.318  -3.916  -1.576  -1.580  -1.729  -0.916  -1.501  -0.653  
1983 -1.750  -0.014  -1.258  -0.960  -1.946  -2.157  -2.150  -3.621  -1.547  -1.497  -1.631  -0.691  -1.432  -0.643  
1984 -1.552  0.121  -1.104  -0.828  -1.885  -1.823  -1.878  -3.506  -1.479  -1.545  -1.371  -0.586  -1.324  -0.373  
1985 -1.011  0.307  -0.817  -0.614  -1.716  -1.805  -1.733  -3.258  -1.122  -1.085  -1.285  -0.381  -1.160  -0.222  
1986 -0.814  0.371  -0.644  -0.393  -1.528  -1.572  -1.638  -2.912  -0.950  -1.074  -1.063  -0.319  -1.047  0.076  
1987 -0.651  0.557  -0.501  -0.168  -1.437  -1.533  -1.422  -2.738  -0.848  -1.016  -0.707  -0.162  -0.865  0.155  
1988 -0.469  0.740  -0.323  0.051  -1.217  -1.378  -1.166  -2.521  -0.700  -0.857  -0.715  0.003  -0.739  0.723  
1989 -0.340  0.937  -0.159  0.210  -1.143  -1.128  -1.054  -2.491  -0.407  -0.701  -0.385  0.226  -0.607  0.697  
1990 0.284  1.008  0.012  0.438  -1.037  -0.952  -0.849  -1.893  0.041  -0.420  -0.299  0.353  -0.548  0.610  
1991 0.327  1.246  0.170  0.780  -0.897  -0.794  -0.759  -2.178  -0.055  -0.364  0.091  0.645  -0.408  0.735  
1992 0.452  1.301  0.380  1.079  -0.681  -0.599  -0.661  -2.252  0.097  -0.171  0.259  0.742  -0.058  0.916  
1993 0.787  1.574  0.595  1.390  -0.496  -0.390  -0.512  -2.074  0.293  0.037  0.427  0.977  -0.097  1.213  
1994 1.088  1.840  0.778  1.673  -0.375  -0.173  -0.304  -2.017  0.634  0.257  0.681  1.188  0.122  1.466  
1995 0.897  2.140  1.042  1.663  -0.206  0.070  -0.165  -2.020  0.467  0.393  0.902  1.414  0.413  1.483  
1996 0.486  2.432  1.165  1.863  -0.076  0.073  0.005  -1.861  0.662  0.610  1.036  1.469  0.638  1.526  
1997 0.902  2.490  1.275  2.063  0.020  0.289  0.109  -1.905  0.646  0.809  1.231  1.776  0.748  1.751  
1998 0.857  2.569  1.427  2.362  0.238  0.583  0.346  -1.672  0.864  0.990  1.434  1.927  0.903  2.072  
1999 1.247  2.641  1.669  2.596  0.544  0.728  0.447  -1.448  1.028  1.161  1.591  2.199  1.081  2.293  
2000 1.871  2.837  1.894  2.841  0.723  0.943  0.592  -1.506  1.033  1.343  1.853  2.456  1.200  2.345  
2001 1.756  3.010  2.235  3.030  0.845  1.175  0.803  -1.325  1.244  1.553  2.209  2.606  1.373  2.402  
2002 1.923  3.212  2.384  3.412  1.003  1.289  0.997  -1.156  1.746  1.905  2.376  2.878  1.536  2.565  
2003 1.992  2.776  2.589  3.767  1.225  1.481  1.219  -0.987  1.787  3.014  2.375  2.990  1.745  2.829  
2004 2.162  2.880  2.722  4.064  1.349  1.608  1.290  -0.808  1.983  2.162  2.561  3.236  2.022  2.867  
2005 2.340  3.603  2.884  4.157  1.627  1.731  1.492  -0.636  2.094  2.383  2.847  3.455  2.339  3.078  
2006 2.437  3.734  3.128  4.230  1.873  1.955  1.542  -0.464  2.178  2.768  2.674  3.670  2.584  2.869  
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EC Calculations – ML with fertilizer (Equation (10) and (11) in Chapter1) 
 
BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1977 -9.460  6.929  0.546  3.635  2.472  -0.400  1.576  3.116  2.396  -0.032  1.773  3.697  0.431  1.328  
1978 6.577  0.240  -0.772  0.972  3.746  3.197  1.430  0.984  4.884  4.308  3.033  1.249  2.460  -4.565  
1979 3.694  -3.231  2.169  0.573  -0.797  2.542  -0.365  1.317  0.263  -0.620  9.269  -1.325  1.005  -0.186  
1980 -1.578  4.909  1.789  -0.631  3.474  2.326  0.688  -1.631  1.470  -1.305  -22.098  -0.236  -0.170  0.204  
1981 0.773  2.809  2.188  0.415  2.544  -2.478  1.542  3.684  2.216  1.060  5.598  1.683  0.962  -1.060  
1982 0.293  3.128  -2.409  0.338  2.047  2.297  0.578  2.611  0.133  -0.433  0.628  2.331  -0.869  5.284  
1983 0.585  -4.434  1.028  -0.018  5.012  0.479  -0.740  0.683  -2.619  2.685  -2.214  1.721  -0.196  -6.538  
1984 0.793  0.353  1.239  0.202  -2.065  4.912  -0.900  0.322  -1.706  3.051  4.278  -1.739  -1.081  -1.287  
1985 -0.595  -2.902  3.092  -0.062  -0.307  -1.251  0.969  1.244  4.054  -0.409  -4.523  1.055  0.559  0.404  
1986 -0.953  -1.028  0.696  -0.248  2.798  -0.044  0.133  1.256  -0.125  -0.182  -1.388  -4.814  0.160  -0.115  
1987 1.255  2.169  0.537  -0.171  0.317  -1.807  1.731  1.507  2.077  1.422  0.953  2.856  0.958  -0.568  
1988 0.021  -3.520  0.860  0.296  2.632  1.034  0.302  1.189  0.563  -0.288  -3.820  -2.564  0.203  1.583  
1989 0.051  -1.799  5.389  0.102  -0.111  2.157  2.608  2.869  2.379  -3.020  6.365  2.494  0.500  -1.810  
1990 -5.479  5.357  3.441  0.081  -1.833  2.503  3.318  -0.590  6.666  4.671  0.231  -0.806  -0.972  2.679  
1991 3.606  -1.569  1.837  0.149  0.498  1.902  -0.679  3.625  -4.686  0.205  2.103  1.617  1.368  -1.205  
1992 -1.913  7.092  0.697  -0.049  2.685  4.215  0.312  -4.873  -0.076  3.841  1.767  -2.308  0.284  -2.009  
1993 -1.625  1.277  1.638  -0.969  1.734  -2.119  -0.959  2.595  -1.310  0.193  0.947  1.143  1.518  3.495  
1994 0.723  -4.592  -1.103  0.499  -0.962  -1.876  1.365  1.701  6.256  1.875  2.157  1.679  -0.071  -1.197  
1995 -0.512  0.604  1.743  -2.683  -0.363  1.246  2.292  0.276  -6.394  0.561  -1.107  -0.020  -0.042  0.597  
1996 2.258  5.472  -0.986  2.018  2.171  -1.213  1.959  1.181  3.835  2.019  -1.275  -3.423  -0.124  -1.030  
1997 0.862  -0.659  -2.534  -0.846  -0.200  2.656  0.848  0.494  -3.388  -2.486  1.444  0.724  0.085  -3.981  
1998 -1.509  -2.305  1.632  0.224  2.005  0.647  2.480  -3.141  0.013  -1.571  1.146  -0.092  0.303  -3.210  
1999 4.708  3.131  1.241  1.158  -0.106  1.356  -1.156  1.601  -3.850  1.807  3.548  0.607  -0.280  3.179  
2000 -3.260  3.748  -0.069  0.580  1.903  -0.227  0.603  -1.945  3.937  -3.171  6.195  -0.451  0.410  6.647  
2001 0.260  2.567  1.996  -0.281  0.870  -1.684  1.087  -0.977  1.550  1.846  3.399  1.732  0.059  2.049  
2002 -0.859  -1.647  -2.799  0.364  0.436  -1.233  0.328  1.198  14.801  -1.320  -0.270  1.129  0.116  11.996  
2003 0.574  -8.065  -0.552  0.213  0.544  -0.916  0.190  1.036  2.353  -7.877  0.344  -3.453  -0.092  -7.335  
2004 0.597  4.461  -2.375  0.105  -0.841  0.097  -1.665  0.089  -0.593  6.518  -2.619  0.890  -0.013  -1.450  
2005 -0.378  5.370  0.910  -1.221  1.864  0.251  1.643  0.513  0.893  -0.050  6.826  0.962  0.019  -2.027  
2006 -1.464  -1.754  -1.465  -1.035  0.566  2.604  -2.005  0.448  -2.434  -1.086  -10.322  -0.210  0.022  -3.626  
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TFP Calculations—ML with fertilizer (Equation (9) in Chapter1) 
 
BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1977 -12.604  6.096  -1.672  1.629  -0.620  -3.974  -1.601  -1.598  -0.136  -2.526  -1.167  1.862  -1.995  -0.255  
1978 3.931  -0.649  -2.873  -0.873  0.850  -0.202  -1.560  -3.601  2.587  1.982  0.351  -0.376  0.257  -6.117  
1979 1.398  -3.913  0.247  -1.074  -3.565  -0.503  -3.213  -3.115  -1.787  -2.739  7.126  -2.832  -0.997  -1.539  
1980 -3.739  4.336  0.070  -2.150  0.967  -0.390  -2.044  -5.092  -0.536  -3.364  -24.266  -1.518  -1.942  -1.095  
1981 -1.353  2.525  0.652  -0.977  0.244  -5.092  -0.959  -0.501  0.400  -0.818  3.713  0.560  -0.642  -1.973  
1982 -1.552  3.094  -3.750  -0.825  -0.124  0.048  -1.739  -1.305  -1.443  -2.013  -1.101  1.415  -2.370  4.632  
1983 -1.165  -4.449  -0.231  -0.978  3.066  -1.677  -2.890  -2.938  -4.166  1.188  -3.845  1.030  -1.627  -7.181  
1984 -0.759  0.474  0.135  -0.626  -3.949  3.090  -2.778  -3.184  -3.184  1.506  2.907  -2.326  -2.405  -1.659  
1985 -1.606  -2.595  2.275  -0.676  -2.024  -3.056  -0.764  -2.014  2.932  -1.494  -5.808  0.675  -0.601  0.183  
1986 -1.767  -0.657  0.052  -0.641  1.270  -1.616  -1.505  -1.656  -1.075  -1.256  -2.451  -5.133  -0.887  -0.039  
1987 0.605  2.726  0.037  -0.339  -1.120  -3.340  0.309  -1.232  1.229  0.406  0.246  2.694  0.093  -0.413  
1988 -0.448  -2.780  0.537  0.347  1.415  -0.343  -0.864  -1.332  -0.137  -1.145  -4.535  -2.561  -0.536  2.306  
1989 -0.290  -0.862  5.230  0.313  -1.254  1.029  1.554  0.378  1.972  -3.721  5.980  2.720  -0.107  -1.113  
1990 -5.195  6.365  3.452  0.519  -2.870  1.552  2.469  -2.482  6.707  4.250  -0.067  -0.452  -1.520  3.289  
1991 3.933  -0.324  2.007  0.929  -0.399  1.108  -1.438  1.447  -4.740  -0.159  2.195  2.262  0.960  -0.470  
1992 -1.460  8.393  1.077  1.030  2.005  3.616  -0.349  -7.125  0.021  3.669  2.026  -1.566  0.226  -1.093  
1993 -0.839  2.852  2.233  0.421  1.239  -2.509  -1.471  0.520  -1.017  0.230  1.374  2.120  1.421  4.708  
1994 1.811  -2.752  -0.326  2.172  -1.337  -2.049  1.061  -0.316  6.889  2.132  2.839  2.867  0.051  0.270  
1995 0.385  2.744  2.785  -1.020  -0.569  1.316  2.127  -1.744  -5.927  0.953  -0.205  1.394  0.372  2.080  
1996 2.745  7.904  0.180  3.881  2.095  -1.140  1.963  -0.680  4.497  2.629  -0.239  -1.953  0.514  0.496  
1997 1.764  1.831  -1.259  1.217  -0.179  2.946  0.956  -1.410  -2.742  -1.677  2.675  2.500  0.833  -2.230  
1998 -0.651  0.265  3.060  2.586  2.243  1.230  2.826  -4.813  0.878  -0.581  2.580  1.835  1.206  -1.138  
1999 5.955  5.772  2.910  3.754  0.438  2.085  -0.709  0.154  -2.822  2.968  5.139  2.806  0.801  5.472  
2000 -1.389  6.585  1.825  3.421  2.627  0.715  1.195  -3.451  4.970  -1.828  8.048  2.005  1.611  8.992  
2001 2.016  5.577  4.231  2.749  1.715  -0.509  1.891  -2.302  2.795  3.399  5.608  4.337  1.432  4.451  
2002 1.065  1.565  -0.415  3.776  1.440  0.055  1.326  0.042  16.547  0.585  2.106  4.007  1.652  14.561  
2003 2.566  -5.289  2.037  3.980  1.768  0.565  1.409  0.049  4.140  -4.864  2.719  -0.463  1.653  -4.507  
2004 2.760  7.341  0.347  4.168  0.508  1.706  -0.375  -0.719  1.389  8.680  -0.059  4.125  2.009  1.417  
2005 1.961  8.973  3.794  2.936  3.491  1.982  3.136  -0.123  2.987  2.333  9.673  4.416  2.358  1.050  
2006 0.973  1.980  1.663  3.195  2.439  4.559  -0.463  -0.016  -0.255  1.682  -7.648  3.460  2.606  -0.757  
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iii. Mamlquist with fertilizer 
EC – Malmquist with fertilizer 
EC BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1977 1 1 1.033 1.088 1 1.084 1 1 0.95 1 1 0.986 1 1 
1978 1 1 0.954 0.981 1 1.099 1 1 1.246 1 1 0.953 1 1 
1979 1 1 0.999 1.078 1 0.994 1 1 0.857 1 1 0.974 1 1 
1980 1 1 1.049 0.855 1 1.032 1 1 1.056 1 0.662 0.988 1 1 
1981 1 1 0.951 1.002 1 0.926 0.97 1 1.084 1 1.129 0.981 1 0.952 
1982 1 1 0.965 1.087 1 1.041 1.031 1 0.992 1 0.984 1.027 1 1.05 
1983 1 1 1.068 1.079 1 1.044 0.948 1 0.721 1 0.938 1.071 1 0.913 
1984 1 1 1.019 1.095 1 1 1.033 1 1.024 1 1.088 0.981 1 1.019 
1985 1 1 1 0.966 1 1 1.021 1 1.311 1 0.9 1.002 1 0.858 
1986 1 1 1 0.994 1 0.95 1 1 0.957 1 0.935 0.924 1 1.017 
1987 1 1 1 0.962 1 0.919 1 1 0.934 1 0.937 1.027 1 0.939 
1988 1 1 1 1.106 1 1.009 1 1 0.887 1 0.907 0.931 1 1.312 
1989 1 1 1 0.995 1 0.977 1 1 1.17 0.962 1.252 0.986 1 0.876 
1990 1 1 1 0.994 1 1.033 1 1 1.142 1.015 0.971 0.969 1 0.916 
1991 1 1 1 0.98 1 1.065 1 1 0.919 0.96 1.173 1.06 1 0.955 
1992 1 1 1 0.861 1 1.056 1 1 0.92 1.067 1.021 0.924 1 1.02 
1993 1 1 1 0.817 1 0.971 1 1 0.921 1 1.011 0.984 1 0.981 
1994 1 1 1 1.15 1 0.922 1 1 1.284 1 1.165 1.084 1 1.063 
1995 1 1 1 0.719 1 0.977 1 1 0.761 1 0.905 0.831 1 0.912 
1996 1 1 1 1.102 1 0.933 1 1 1.078 1 0.794 0.86 1 1.005 
1997 1 1 1 0.985 1 1.055 1 1 0.892 0.979 1.149 1.079 1 0.921 
1998 1 1 1 1.023 1 0.997 1 1 0.974 1.006 0.917 0.94 1 0.926 
1999 1 1 1 1.141 1 0.995 1 1 0.862 0.933 1.148 0.958 1 0.922 
2000 1 1 1 1.178 1 1.011 1 1 1.113 0.938 1.253 1.046 1 1.097 
2001 1 1 1 0.894 1 0.961 1 1 1.005 1.075 1 1.165 1 1.151 
2002 1 1 1 1.332 1 1.018 1 1 1.455 1.079 1 1.18 1 1.349 
2003 1 1 1 1 1 0.945 1 1 1 1 1 0.842 1 0.818 
2004 1 1 1 1 1 1.025 1 1 1 1 1 1.146 1 0.807 
2005 1 1 1 1 1 0.954 1 1 1 1 1 1.12 1 1.045 




TC – Malmquist with fertilizer 
TC BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1977 0.8 1.37 0.932 0.967 1.024 0.896 0.991 0.307 1.074 0.97 0.967 1.068 1.017 1.076 
1978 1.009 0.753 1.011 1.072 1.051 0.983 0.998 0.957 0.995 1.074 1.024 1.044 1.08 0.814 
1979 1.012 0.926 1.024 0.967 0.95 0.98 0.952 0.998 1.207 0.988 1.229 0.993 1.045 0.985 
1980 0.955 1.069 0.952 1.028 1.035 0.972 0.94 3.071 0.872 0.919 0.777 0.983 0.997 0.98 
1981 1.076 1.12 1.076 1.039 1.015 1.026 1.033 0.262 0.967 0.993 1.01 1.046 1.01 1.086 
1982 0.96 1.151 0.956 0.978 1.012 0.991 0.993 1.134 1.049 0.998 1.02 1.016 0.951 1.152 
1983 0.918 0.797 0.959 0.92 1.128 0.972 0.947 1.218 1.19 1.012 1.041 0.943 1.003 0.836 
1984 1.058 0.962 1.004 0.96 0.869 1.065 1.016 0.923 0.794 0.977 0.981 0.992 0.946 1.052 
1985 1.181 0.943 1.048 0.987 0.953 0.955 0.985 1.081 1.031 1.063 0.974 1.008 1.002 1.144 
1986 0.951 0.953 1.009 0.979 1.009 0.975 1.008 1.212 0.977 0.936 1.001 0.966 1.01 0.973 
1987 1.052 1.076 1.01 1.047 0.958 1.025 1.021 0.945 0.995 1.024 1.023 1.046 1.082 1.047 
1988 1.006 0.933 1.022 0.97 1.054 0.995 1.01 0.993 1.052 1.006 1.021 1.004 0.974 1.172 
1989 1.02 0.987 1.118 1.017 0.96 1.037 1.065 0.778 0.969 0.96 0.983 1.071 1.006 0.845 
1990 1.654 1.045 1.067 1.03 0.928 1.001 1.076 1.838 1.247 0.988 0.981 1.008 0.944 1.061 
1991 0.651 0.991 1.044 1.019 1 0.971 0.955 0.614 0.843 1.038 0.925 0.992 1.058 1.018 
1992 0.967 1.09 1.016 1.093 1.051 1.02 0.984 0.819 1.035 0.963 1.059 1.012 1.068 0.991 
1993 1.188 1.163 1.036 1.077 1.036 0.972 0.967 1.01 1.041 1.029 1.072 1.055 1.105 1.032 
1994 1.03 0.94 1.031 1.004 0.935 1.019 1.036 0.93 0.995 1.052 0.966 0.961 0.965 0.953 
1995 1.041 1.222 1.107 1.094 0.97 1.052 1.041 0.826 1.019 1.01 1.015 1.212 1.001 1.07 
1996 0.923 1.227 1.011 1.076 1.044 1.062 1.042 1.049 1.04 1.067 1.148 1.104 0.986 1 
1997 1.062 0.931 0.978 0.985 0.976 1.024 1.006 0.768 0.989 0.962 0.939 0.952 0.997 1.052 
1998 1.066 0.895 1.045 0.964 1.048 1.029 1.077 1.019 1.046 0.965 1.119 1.051 1.058 0.949 
1999 1.122 1.017 1.07 1.039 0.981 1.041 0.966 1.145 1.036 1.121 0.973 1.067 0.889 1.159 
2000 0.836 1.142 1.029 1.017 1.055 0.999 1.006 0.82 1.004 1 0.968 0.962 1.124 0.973 
2001 0.7 1.027 1.097 1.083 1.03 1.056 1.031 0.975 1.021 0.996 1.166 0.905 0.988 0.859 
2002 0.987 1.003 0.951 1.043 1.02 0.977 1.018 1.021 1.095 1.057 0.974 1.048 1.029 1.102 
2003 1.041 0.815 1.032 1.308 1.04 1.04 1.031 1.013 1.025 3.287 0.961 1.022 0.992 1.105 
2004 1.036 1.102 0.966 1.153 0.978 0.978 0.949 0.973 1.016 0.401 0.945 0.985 1.068 0.96 
2005 1 1.32 1.092 0.639 1.112 1.048 1.056 0.991 0.993 1.072 1.324 1 1.009 0.976 
2006 0.972 0.962 1.003 0.836 1.05 1.005 0.964 0.994 1.007 1.289 0.862 0.979 1.04 0.995 
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TFP – Malmquist with fertilizer 
TFP BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1977 0.8 1.37 0.963 1.051 1.024 0.971 0.991 0.307 1.02 0.97 0.967 1.053 1.017 1.076 
1978 1.009 0.753 0.964 1.052 1.051 1.08 0.998 0.957 1.239 1.074 1.024 0.995 1.08 0.814 
1979 1.012 0.926 1.023 1.042 0.95 0.974 0.952 0.998 1.034 0.988 1.229 0.967 1.045 0.985 
1980 0.955 1.069 0.998 0.879 1.035 1.003 0.94 3.071 0.92 0.919 0.514 0.971 0.997 0.98 
1981 1.076 1.12 1.024 1.041 1.015 0.95 1.002 0.262 1.048 0.993 1.141 1.026 1.01 1.034 
1982 0.96 1.151 0.923 1.063 1.012 1.031 1.023 1.134 1.041 0.998 1.004 1.043 0.951 1.21 
1983 0.918 0.797 1.024 0.992 1.128 1.014 0.898 1.218 0.858 1.012 0.977 1.01 1.003 0.764 
1984 1.058 0.962 1.023 1.051 0.869 1.065 1.05 0.923 0.813 0.977 1.067 0.973 0.946 1.072 
1985 1.181 0.943 1.048 0.954 0.953 0.955 1.006 1.081 1.352 1.063 0.877 1.01 1.002 0.982 
1986 0.951 0.953 1.009 0.973 1.009 0.926 1.008 1.212 0.935 0.936 0.935 0.893 1.01 0.989 
1987 1.052 1.076 1.01 1.007 0.958 0.942 1.021 0.945 0.93 1.024 0.959 1.074 1.082 0.983 
1988 1.006 0.933 1.022 1.073 1.054 1.004 1.01 0.993 0.933 1.006 0.926 0.935 0.974 1.537 
1989 1.02 0.987 1.118 1.011 0.96 1.013 1.065 0.778 1.134 0.923 1.23 1.056 1.006 0.74 
1990 1.654 1.045 1.067 1.024 0.928 1.034 1.076 1.838 1.424 1.003 0.952 0.977 0.944 0.972 
1991 0.651 0.991 1.044 0.998 1 1.034 0.955 0.614 0.775 0.997 1.085 1.051 1.058 0.973 
1992 0.967 1.09 1.016 0.941 1.051 1.077 0.984 0.819 0.952 1.027 1.082 0.935 1.068 1.011 
1993 1.188 1.163 1.036 0.88 1.036 0.944 0.967 1.01 0.959 1.029 1.084 1.038 1.105 1.012 
1994 1.03 0.94 1.031 1.154 0.935 0.939 1.036 0.93 1.277 1.052 1.125 1.042 0.965 1.013 
1995 1.041 1.222 1.107 0.786 0.97 1.028 1.041 0.826 0.775 1.01 0.919 1.008 1.001 0.976 
1996 0.923 1.227 1.011 1.187 1.044 0.991 1.042 1.049 1.121 1.067 0.911 0.95 0.986 1.005 
1997 1.062 0.931 0.978 0.97 0.976 1.08 1.006 0.768 0.882 0.942 1.079 1.028 0.997 0.97 
1998 1.066 0.895 1.045 0.986 1.048 1.026 1.077 1.019 1.018 0.971 1.026 0.988 1.058 0.879 
1999 1.122 1.017 1.07 1.185 0.981 1.036 0.966 1.145 0.894 1.046 1.117 1.022 0.889 1.068 
2000 0.836 1.142 1.029 1.199 1.055 1.009 1.006 0.82 1.117 0.938 1.213 1.006 1.124 1.067 
2001 0.7 1.027 1.097 0.968 1.03 1.015 1.031 0.975 1.026 1.07 1.166 1.054 0.988 0.989 
2002 0.987 1.003 0.951 1.389 1.02 0.995 1.018 1.021 1.594 1.14 0.974 1.237 1.029 1.486 
2003 1.041 0.815 1.032 1.308 1.04 0.983 1.031 1.013 1.025 3.287 0.961 0.86 0.992 0.904 
2004 1.036 1.102 0.966 1.153 0.978 1.002 0.949 0.973 1.016 0.401 0.945 1.129 1.068 0.775 
2005 1 1.32 1.092 0.639 1.112 0.999 1.056 0.991 0.993 1.072 1.324 1.12 1.009 1.021 





iv. OLS without fertilizer 
Input Elasticity Calculations 
Input elasticity Labor Tractor Livestock Land Time 
countries year x1 x3 x4 x5 T 
1 1 0.035  -0.306  1.276  0.085  -0.018  
2 1 0.873  0.015  0.452  -0.250  0.008  
3 1 0.647  0.194  1.055  -1.027  -0.004  
4 1 0.144  0.234  1.135  -0.671  -0.020  
5 1 0.472  0.162  0.718  -0.678  0.003  
6 1 -0.227  0.028  0.326  0.546  -0.010  
7 1 0.173  0.147  -0.161  0.456  0.007  
8 1 -0.605  -0.123  0.615  0.482  -0.011  
9 1 0.528  0.182  0.560  -0.564  0.004  
10 1 -0.057  0.009  0.046  0.784  -0.005  
11 1 0.821  0.193  1.284  -1.561  0.003  
12 1 0.763  0.194  1.040  -1.110  -0.001  
13 1 0.327  0.057  1.270  -0.659  -0.016  
14 1 -0.113  -0.069  0.602  0.599  -0.019  
1 2 -0.017  -0.318  1.335  0.088  -0.020  
2 2 0.881  0.015  0.412  -0.219  0.009  
3 2 0.648  0.193  1.039  -1.017  -0.003  
4 2 0.138  0.241  1.045  -0.570  -0.019  
5 2 0.482  0.162  0.686  -0.658  0.004  
6 2 -0.310  0.010  0.464  0.507  -0.013  
7 2 0.116  0.134  -0.062  0.423  0.005  
8 2 -0.623  -0.128  0.600  0.517  -0.010  
9 2 0.531  0.182  0.519  -0.530  0.006  
10 2 -0.091  0.002  0.033  0.833  -0.005  
11 2 0.800  0.195  1.256  -1.506  0.003  
12 2 0.764  0.194  1.013  -1.082  0.000  
13 2 0.345  0.055  1.331  -0.728  -0.016  
14 2 -0.129  -0.072  0.605  0.620  -0.019  
1 3 0.115  -0.293  1.014  0.250  -0.012  
2 3 0.971  0.032  0.321  -0.236  0.013  
3 3 0.645  0.192  1.027  -1.005  -0.002  
4 3 0.126  0.237  0.999  -0.510  -0.018  
5 3 0.492  0.161  0.654  -0.637  0.005  
6 3 -0.309  0.009  0.471  0.499  -0.012  
7 3 0.082  0.126  -0.046  0.446  0.004  
8 3 -0.641  -0.133  0.596  0.542  -0.010  
9 3 0.510  0.176  0.493  -0.482  0.006  
10 3 -0.093  0.000  -0.044  0.907  -0.003  
11 3 0.776  0.194  1.210  -1.432  0.003  
12 3 0.756  0.191  1.002  -1.059  0.001  
13 3 0.408  0.061  1.311  -0.772  -0.014  
14 3 -0.106  -0.071  0.603  0.600  -0.018  
1 4 0.238  -0.270  0.709  0.404  -0.005  
2 4 0.967  0.029  0.303  -0.213  0.014  
3 4 0.640  0.189  1.021  -0.998  -0.001  
4 4 0.111  0.233  0.953  -0.445  -0.017  
5 4 0.482  0.156  0.668  -0.637  0.005  




7 4 0.056  0.118  -0.043  0.472  0.004  
8 4 -0.660  -0.138  0.583  0.577  -0.010  
9 4 0.489  0.172  0.455  -0.423  0.007  
10 4 -0.144  -0.012  -0.054  0.974  -0.003  
11 4 0.807  0.201  1.070  -1.330  0.006  
12 4 0.741  0.187  0.998  -1.035  0.001  
13 4 0.471  0.065  1.284  -0.806  -0.011  
14 4 -0.110  -0.075  0.610  0.602  -0.017  
1 5 0.177  -0.284  0.790  0.397  -0.006  
2 5 0.947  0.026  0.227  -0.125  0.015  
3 5 0.632  0.186  1.019  -0.990  -0.001  
4 5 0.121  0.231  0.926  -0.432  -0.016  
5 5 0.492  0.155  0.645  -0.625  0.006  
6 5 -0.204  0.026  0.266  0.578  -0.006  
7 5 -0.042  0.097  0.124  0.422  0.001  
8 5 -0.662  -0.140  0.537  0.623  -0.008  
9 5 0.457  0.165  0.441  -0.375  0.007  
10 5 -0.183  -0.021  -0.060  1.020  -0.003  
11 5 0.853  0.209  0.914  -1.231  0.010  
12 5 0.754  0.189  0.948  -0.999  0.002  
13 5 0.543  0.071  1.246  -0.839  -0.009  
14 5 -0.076  -0.082  0.649  0.525  -0.016  
1 6 0.028  -0.314  1.052  0.315  -0.013  
2 6 0.949  0.025  0.197  -0.098  0.016  
3 6 0.636  0.185  1.013  -0.990  0.000  
4 6 0.134  0.229  0.873  -0.397  -0.014  
5 6 0.536  0.162  0.504  -0.540  0.010  
6 6 -0.193  0.025  0.150  0.679  -0.004  
7 6 -0.056  0.093  0.084  0.473  0.001  
8 6 -0.678  -0.145  0.510  0.667  -0.008  
9 6 0.442  0.161  0.416  -0.334  0.007  
10 6 -0.173  -0.021  -0.124  1.072  -0.002  
11 6 0.860  0.209  0.882  -1.209  0.011  
12 6 0.737  0.184  0.929  -0.964  0.003  
13 6 0.512  0.061  1.251  -0.808  -0.009  
14 6 -0.118  -0.082  0.586  0.639  -0.016  
1 7 0.069  -0.308  0.921  0.396  -0.009  
2 7 0.934  0.020  0.184  -0.068  0.017  
3 7 0.661  0.188  0.964  -0.973  0.002  
4 7 0.153  0.231  0.840  -0.387  -0.013  
5 7 0.494  0.151  0.544  -0.531  0.009  
6 7 -0.159  0.029  0.004  0.782  0.000  
7 7 -0.030  0.096  -0.027  0.547  0.004  
8 7 -0.687  -0.148  0.470  0.716  -0.007  
9 7 0.426  0.156  0.396  -0.295  0.008  
10 7 -0.221  -0.033  -0.107  1.111  -0.002  
11 7 0.843  0.204  0.870  -1.178  0.012  
12 7 0.737  0.182  0.879  -0.921  0.004  
13 7 0.491  0.052  1.299  -0.830  -0.009  
14 7 -0.158  -0.091  0.616  0.651  -0.016  
1 8 -0.021  -0.320  0.726  0.663  -0.008  




3 8 0.629  0.180  0.979  -0.953  0.002  
4 8 0.165  0.230  0.809  -0.371  -0.011  
5 8 0.419  0.134  0.651  -0.549  0.007  
6 8 -0.147  0.028  -0.055  0.827  0.001  
7 8 -0.096  0.082  0.040  0.554  0.003  
8 8 -0.713  -0.154  0.463  0.752  -0.007  
9 8 0.318  0.134  0.566  -0.336  0.004  
10 8 -0.302  -0.051  -0.016  1.117  -0.005  
11 8 0.890  0.211  0.722  -1.088  0.015  
12 8 0.732  0.178  0.845  -0.885  0.005  
13 8 0.463  0.040  1.343  -0.843  -0.009  
14 8 -0.157  -0.093  0.538  0.723  -0.015  
1 9 -0.051  -0.327  0.743  0.682  -0.008  
2 9 0.865  0.005  0.133  0.054  0.017  
3 9 0.634  0.179  0.963  -0.943  0.003  
4 9 0.155  0.225  0.783  -0.335  -0.010  
5 9 0.410  0.130  0.621  -0.510  0.008  
6 9 -0.135  0.028  -0.101  0.858  0.003  
7 9 0.126  0.126  -0.148  0.472  0.011  
8 9 -0.736  -0.160  0.450  0.790  -0.007  
9 9 0.276  0.124  0.604  -0.325  0.003  
10 9 -0.330  -0.059  0.009  1.125  -0.005  
11 9 0.842  0.200  0.803  -1.112  0.014  
12 9 0.730  0.176  0.795  -0.838  0.007  
13 9 0.439  0.032  1.350  -0.822  -0.009  
14 9 -0.162  -0.095  0.471  0.791  -0.013  
1 10 0.040  -0.310  0.665  0.650  -0.005  
2 10 0.912  0.014  0.056  0.074  0.020  
3 10 0.675  0.185  0.863  -0.895  0.006  
4 10 0.163  0.226  0.745  -0.306  -0.009  
5 10 0.401  0.126  0.598  -0.478  0.008  
6 10 -0.143  0.024  -0.079  0.845  0.003  
7 10 0.105  0.120  -0.180  0.525  0.012  
8 10 -0.745  -0.164  0.409  0.840  -0.006  
9 10 0.272  0.122  0.563  -0.280  0.004  
10 10 -0.289  -0.054  -0.102  1.187  -0.002  
11 10 0.825  0.194  0.785  -1.075  0.014  
12 10 0.731  0.174  0.743  -0.793  0.008  
13 10 0.430  0.026  1.354  -0.813  -0.009  
14 10 -0.151  -0.096  0.407  0.841  -0.012  
1 11 0.035  -0.313  0.630  0.691  -0.004  
2 11 0.923  0.015  0.021  0.096  0.021  
3 11 0.680  0.184  0.821  -0.861  0.007  
4 11 0.203  0.234  0.670  -0.278  -0.007  
5 11 0.387  0.121  0.588  -0.452  0.009  
6 11 -0.166  0.017  -0.043  0.836  0.003  
7 11 0.101  0.117  -0.249  0.593  0.013  
8 11 -0.742  -0.165  0.341  0.901  -0.004  
9 11 0.275  0.121  0.514  -0.236  0.005  
10 11 -0.329  -0.065  -0.039  1.174  -0.003  
11 11 0.878  0.202  0.645  -0.999  0.018  




13 11 0.433  0.023  1.354  -0.814  -0.008  
14 11 -0.156  -0.098  0.342  0.907  -0.010  
1 12 0.002  -0.321  0.653  0.707  -0.004  
2 12 0.950  0.022  -0.030  0.106  0.023  
3 12 0.675  0.180  0.781  -0.817  0.008  
4 12 0.245  0.240  0.617  -0.278  -0.004  
5 12 0.371  0.115  0.585  -0.430  0.009  
6 12 -0.193  0.009  -0.032  0.856  0.003  
7 12 0.085  0.112  -0.291  0.650  0.014  
8 12 -0.737  -0.165  0.270  0.964  -0.002  
9 12 0.277  0.119  0.466  -0.190  0.007  
10 12 -0.335  -0.069  -0.040  1.184  -0.003  
11 12 0.938  0.212  0.504  -0.931  0.022  
12 12 0.731  0.170  0.644  -0.704  0.011  
13 12 0.481  0.029  1.219  -0.738  -0.004  
14 12 -0.160  -0.101  0.338  0.915  -0.009  
1 13 -0.015  -0.326  0.643  0.737  -0.004  
2 13 0.970  0.025  -0.069  0.120  0.024  
3 13 0.685  0.180  0.718  -0.769  0.010  
4 13 0.252  0.239  0.584  -0.253  -0.003  
5 13 0.356  0.110  0.581  -0.409  0.009  
6 13 -0.199  0.005  -0.041  0.871  0.003  
7 13 0.188  0.132  -0.355  0.587  0.018  
8 13 -0.734  -0.166  0.204  1.024  -0.001  
9 13 0.280  0.118  0.421  -0.149  0.008  
10 13 -0.306  -0.066  -0.114  1.225  0.000  
11 13 0.898  0.201  0.585  -0.962  0.020  
12 13 0.729  0.167  0.596  -0.659  0.012  
13 13 0.437  0.017  1.303  -0.767  -0.006  
14 13 -0.177  -0.107  0.334  0.939  -0.009  
1 14 -0.077  -0.340  0.727  0.727  -0.006  
2 14 1.007  0.031  -0.115  0.121  0.027  
3 14 0.682  0.177  0.679  -0.726  0.011  
4 14 0.246  0.236  0.550  -0.212  -0.002  
5 14 0.331  0.102  0.604  -0.403  0.009  
6 14 -0.200  0.003  -0.065  0.893  0.004  
7 14 0.177  0.128  -0.406  0.646  0.019  
8 14 -0.728  -0.167  0.133  1.085  0.001  
9 14 0.318  0.124  0.350  -0.123  0.010  
10 14 -0.311  -0.071  -0.117  1.234  0.000  
11 14 0.792  0.178  0.800  -1.048  0.016  
12 14 0.729  0.165  0.549  -0.617  0.014  
13 14 0.400  0.006  1.331  -0.749  -0.006  
14 14 -0.235  -0.120  0.377  0.961  -0.010  
1 15 -0.199  -0.360  0.654  0.917  -0.007  
2 15 0.929  0.016  0.002  0.089  0.024  
3 15 0.673  0.173  0.658  -0.697  0.012  
4 15 0.247  0.233  0.509  -0.173  -0.001  
5 15 0.298  0.092  0.599  -0.357  0.009  
6 15 -0.217  -0.003  -0.067  0.913  0.005  
7 15 0.163  0.123  -0.450  0.702  0.020  




9 15 0.291  0.116  0.341  -0.082  0.010  
10 15 -0.369  -0.085  -0.005  1.195  -0.002  
11 15 0.737  0.165  0.899  -1.080  0.014  
12 15 0.732  0.163  0.491  -0.567  0.015  
13 15 0.355  -0.009  1.375  -0.737  -0.007  
14 15 -0.248  -0.125  0.366  0.988  -0.010  
1 16 0.005  -0.327  0.468  0.885  0.001  
2 16 0.989  0.025  -0.105  0.123  0.027  
3 16 0.669  0.170  0.618  -0.655  0.013  
4 16 0.252  0.231  0.483  -0.152  0.000  
5 16 0.280  0.085  0.636  -0.372  0.009  
6 16 -0.224  -0.007  -0.084  0.936  0.005  
7 16 0.139  0.116  -0.459  0.737  0.020  
8 16 -0.725  -0.179  0.078  1.127  0.004  
9 16 0.289  0.115  0.287  -0.029  0.012  
10 16 -0.392  -0.093  0.011  1.206  -0.002  
11 16 0.866  0.188  0.605  -0.943  0.021  
12 16 0.713  0.157  0.497  -0.552  0.016  
13 16 0.325  -0.020  1.413  -0.735  -0.008  
14 16 -0.263  -0.130  0.357  1.014  -0.009  
1 17 -0.058  -0.342  0.556  0.874  -0.001  
2 17 0.895  0.008  0.032  0.091  0.024  
3 17 0.665  0.169  0.560  -0.593  0.014  
4 17 0.245  0.227  0.482  -0.142  0.001  
5 17 0.292  0.084  0.621  -0.370  0.010  
6 17 -0.217  -0.007  -0.115  0.955  0.007  
7 17 0.083  0.103  -0.405  0.748  0.019  
8 17 -0.799  -0.198  0.190  1.100  0.001  
9 17 0.290  0.114  0.226  0.027  0.013  
10 17 -0.438  -0.105  0.083  1.191  -0.003  
11 17 0.820  0.177  0.685  -0.967  0.020  
12 17 0.704  0.154  0.469  -0.514  0.016  
13 17 0.473  0.000  1.162  -0.653  0.000  
14 17 -0.216  -0.123  0.246  1.067  -0.006  
1 18 -0.060  -0.344  0.515  0.916  0.000  
2 18 1.021  0.031  -0.175  0.145  0.030  
3 18 0.653  0.164  0.531  -0.551  0.015  
4 18 0.247  0.224  0.444  -0.106  0.002  
5 18 0.290  0.079  0.623  -0.368  0.011  
6 18 -0.188  -0.004  -0.197  0.999  0.009  
7 18 0.094  0.104  -0.402  0.729  0.020  
8 18 -0.781  -0.199  0.118  1.147  0.004  
9 18 0.394  0.133  0.047  0.079  0.018  
10 18 -0.368  -0.093  0.008  1.183  0.000  
11 18 0.770  0.165  0.777  -1.001  0.018  
12 18 0.689  0.151  0.448  -0.475  0.017  
13 18 0.180  -0.064  1.304  -0.440  -0.008  
14 18 -0.291  -0.141  0.362  1.041  -0.009  
1 19 0.030  -0.328  0.285  1.036  0.006  
2 19 0.991  0.024  -0.236  0.231  0.031  
3 19 0.710  0.173  0.382  -0.473  0.019  




5 19 0.296  0.076  0.611  -0.361  0.012  
6 19 -0.189  -0.006  -0.216  1.016  0.010  
7 19 0.113  0.105  -0.486  0.787  0.022  
8 19 -0.787  -0.206  0.097  1.171  0.005  
9 19 0.338  0.120  0.089  0.102  0.017  
10 19 -0.330  -0.089  -0.066  1.210  0.002  
11 19 0.773  0.163  0.747  -0.975  0.019  
12 19 0.659  0.144  0.438  -0.430  0.017  
13 19 0.192  -0.066  1.306  -0.448  -0.008  
14 19 -0.233  -0.132  0.237  1.098  -0.005  
1 20 -0.308  -0.396  0.942  0.788  -0.010  
2 20 1.121  0.048  -0.586  0.415  0.040  
3 20 0.764  0.181  0.219  -0.378  0.023  
4 20 0.273  0.222  0.340  -0.032  0.005  
5 20 0.311  0.074  0.577  -0.344  0.013  
6 20 -0.114  0.007  -0.379  1.087  0.015  
7 20 0.103  0.101  -0.521  0.830  0.023  
8 20 -0.798  -0.213  0.083  1.195  0.006  
9 20 0.349  0.120  -0.015  0.189  0.020  
10 20 -0.330  -0.092  -0.096  1.240  0.003  
11 20 0.938  0.193  0.511  -0.937  0.027  
12 20 0.647  0.141  0.403  -0.382  0.017  
13 20 0.272  -0.054  1.182  -0.412  -0.004  
14 20 -0.306  -0.149  0.348  1.074  -0.008  
1 21 -0.459  -0.439  1.294  0.613  -0.017  
2 21 1.097  0.041  -0.561  0.417  0.040  
3 21 0.772  0.180  0.150  -0.321  0.025  
4 21 0.276  0.220  0.295  0.009  0.006  
5 21 0.274  0.063  0.643  -0.363  0.012  
6 21 -0.185  -0.010  -0.283  1.073  0.012  
7 21 0.087  0.095  -0.544  0.870  0.024  
8 21 -0.814  -0.220  0.073  1.220  0.006  
9 21 0.332  0.115  -0.036  0.228  0.020  
10 21 -0.330  -0.095  -0.119  1.263  0.004  
11 21 0.983  0.199  0.429  -0.910  0.030  
12 21 0.649  0.140  0.348  -0.331  0.019  
13 21 0.301  -0.052  1.167  -0.425  -0.002  
14 21 -0.316  -0.153  0.329  1.104  -0.007  
1 22 -0.352  -0.420  1.030  0.747  -0.010  
2 22 1.098  0.040  -0.665  0.511  0.042  
3 22 0.781  0.179  0.080  -0.265  0.026  
4 22 0.303  0.222  0.242  0.030  0.008  
5 22 0.263  0.056  0.647  -0.353  0.013  
6 22 -0.148  -0.005  -0.417  1.159  0.016  
7 22 0.059  0.087  -0.537  0.893  0.024  
8 22 -0.842  -0.228  0.077  1.247  0.006  
9 22 0.307  0.108  -0.085  0.304  0.021  
10 22 -0.319  -0.095  -0.172  1.302  0.006  
11 22 0.968  0.194  0.486  -0.949  0.029  
12 22 0.672  0.144  0.251  -0.261  0.021  
13 22 0.253  -0.066  1.211  -0.401  -0.004  




1 23 -0.606  -0.469  1.492  0.592  -0.022  
2 23 1.057  0.029  -0.616  0.511  0.041  
3 23 0.767  0.174  0.065  -0.235  0.027  
4 23 0.304  0.219  0.218  0.053  0.009  
5 23 0.280  0.055  0.615  -0.340  0.014  
6 23 -0.083  0.006  -0.568  1.228  0.020  
7 23 0.050  0.083  -0.570  0.934  0.025  
8 23 -0.882  -0.235  0.087  1.284  0.006  
9 23 0.324  0.109  -0.174  0.370  0.023  
10 23 -0.318  -0.098  -0.197  1.327  0.007  
11 23 1.006  0.199  0.410  -0.917  0.032  
12 23 0.648  0.138  0.258  -0.240  0.021  
13 23 0.209  -0.079  1.233  -0.362  -0.005  
14 23 -0.280  -0.152  0.210  1.181  -0.003  
1 24 -0.452  -0.440  1.122  0.774  -0.013  
2 24 0.985  0.014  -0.555  0.528  0.039  
3 24 0.798  0.177  -0.035  -0.175  0.030  
4 24 0.316  0.218  0.174  0.084  0.011  
5 24 0.392  0.072  0.382  -0.241  0.021  
6 24 -0.124  -0.005  -0.501  1.209  0.019  
7 24 0.018  0.074  -0.556  0.956  0.025  
8 24 -0.887  -0.240  0.057  1.316  0.007  
9 24 0.343  0.110  -0.296  0.466  0.026  
10 24 -0.332  -0.104  -0.186  1.332  0.007  
11 24 0.960  0.188  0.510  -0.961  0.030  
12 24 0.650  0.138  0.202  -0.188  0.022  
13 24 0.189  -0.088  1.256  -0.351  -0.005  
14 24 -0.311  -0.160  0.236  1.193  -0.004  
1 25 -0.045  -0.367  0.709  0.733  0.002  
2 25 0.993  0.014  -0.693  0.647  0.042  
3 25 0.816  0.178  -0.113  -0.119  0.032  
4 25 0.326  0.216  0.111  0.136  0.013  
5 25 0.378  0.065  0.409  -0.248  0.021  
6 25 -0.089  0.000  -0.619  1.281  0.022  
7 25 0.009  0.070  -0.586  0.993  0.025  
8 25 -0.948  -0.255  0.132  1.313  0.005  
9 25 0.174  0.073  -0.227  0.596  0.022  
10 25 -0.338  -0.109  -0.195  1.350  0.008  
11 25 0.964  0.187  0.515  -0.969  0.031  
12 25 0.652  0.138  0.167  -0.154  0.023  
13 25 0.153  -0.099  1.257  -0.305  -0.005  
14 25 -0.410  -0.182  0.401  1.146  -0.008  
1 26 0.012  -0.358  0.689  0.685  0.004  
2 26 0.907  -0.006  -0.551  0.608  0.039  
3 26 0.833  0.179  -0.191  -0.064  0.034  
4 26 0.367  0.221  0.050  0.150  0.015  
5 26 0.363  0.059  0.436  -0.254  0.021  
6 26 -0.144  -0.013  -0.531  1.258  0.020  
7 26 0.030  0.072  -0.682  1.060  0.028  
8 26 -0.960  -0.260  0.100  1.355  0.006  
9 26 0.147  0.065  -0.220  0.619  0.022  




11 26 0.964  0.184  0.498  -0.952  0.031  
12 26 0.610  0.128  0.258  -0.194  0.022  
13 26 0.125  -0.111  1.299  -0.302  -0.006  
14 26 -0.522  -0.207  0.631  1.055  -0.013  
1 27 0.000  -0.363  0.677  0.710  0.005  
2 27 0.894  -0.009  -0.594  0.659  0.040  
3 27 0.845  0.178  -0.259  -0.013  0.036  
4 27 0.375  0.219  0.033  0.160  0.016  
5 27 0.362  0.055  0.431  -0.247  0.021  
6 27 -0.222  -0.031  -0.418  1.237  0.018  
7 27 0.013  0.067  -0.700  1.094  0.028  
8 27 -0.971  -0.264  0.069  1.397  0.007  
9 27 0.088  0.052  -0.151  0.620  0.020  
10 27 -0.329  -0.113  -0.259  1.403  0.010  
11 27 0.964  0.183  0.478  -0.932  0.032  
12 27 0.607  0.124  0.226  -0.161  0.023  
13 27 0.098  -0.122  1.337  -0.297  -0.006  
14 27 -0.651  -0.235  0.856  0.985  -0.018  
1 28 -0.098  -0.385  0.843  0.662  0.001  
2 28 0.903  -0.010  -0.651  0.703  0.041  
3 28 0.862  0.179  -0.331  0.036  0.038  
4 28 0.370  0.214  0.037  0.165  0.016  
5 28 0.362  0.052  0.431  -0.245  0.022  
6 28 -0.205  -0.031  -0.498  1.294  0.020  
7 28 0.009  0.064  -0.746  1.142  0.030  
8 28 -0.983  -0.269  0.039  1.439  0.008  
9 28 0.011  0.034  -0.040  0.600  0.018  
10 28 -0.346  -0.120  -0.239  1.405  0.010  
11 28 0.947  0.177  0.501  -0.935  0.032  
12 28 0.616  0.123  0.177  -0.123  0.024  
13 28 0.143  -0.116  1.277  -0.286  -0.004  
14 28 -0.577  -0.224  0.703  1.051  -0.014  
1 29 -0.108  -0.390  0.826  0.689  0.002  
2 29 0.865  -0.019  -0.676  0.765  0.042  
3 29 0.866  0.177  -0.370  0.070  0.039  
4 29 0.368  0.210  0.012  0.195  0.017  
5 29 0.322  0.040  0.512  -0.274  0.021  
6 29 -0.217  -0.036  -0.518  1.327  0.020  
7 29 -0.011  0.058  -0.772  1.187  0.030  
8 29 -0.987  -0.272  -0.010  1.488  0.009  
9 29 -0.004  0.028  -0.053  0.629  0.018  
10 29 -0.345  -0.123  -0.264  1.429  0.011  
11 29 0.969  0.178  0.444  -0.904  0.034  
12 29 0.616  0.120  0.148  -0.094  0.025  
13 29 0.233  -0.104  1.180  -0.284  0.000  
14 29 -0.595  -0.230  0.701  1.073  -0.013  
1 30 -0.112  -0.394  0.797  0.722  0.003  
2 30 0.841  -0.026  -0.726  0.837  0.043  
3 30 0.897  0.180  -0.465  0.126  0.042  
4 30 0.409  0.215  -0.056  0.216  0.020  
5 30 0.354  0.043  0.443  -0.241  0.023  




7 30 -0.008  0.056  -0.846  1.252  0.032  
8 30 -0.996  -0.277  -0.045  1.532  0.010  
9 30 -0.020  0.023  -0.065  0.657  0.019  
10 30 -0.341  -0.125  -0.286  1.448  0.012  
11 30 0.960  0.173  0.450  -0.900  0.035  
12 30 0.589  0.112  0.174  -0.088  0.025  
13 30 0.230  -0.109  1.227  -0.321  0.000  
14 30 -0.586  -0.232  0.685  1.082  -0.012  
1 31 -0.193  -0.410  0.793  0.809  0.002  
2 31 0.823  -0.031  -0.770  0.897  0.043  
3 31 0.897  0.178  -0.497  0.157  0.043  
4 31 0.395  0.208  -0.033  0.212  0.020  
5 31 0.384  0.046  0.377  -0.210  0.025  
6 31 -0.259  -0.049  -0.520  1.375  0.021  
7 31 -0.081  0.039  -0.756  1.248  0.030  
8 31 -1.005  -0.281  -0.081  1.576  0.011  
9 31 -0.026  0.019  -0.097  0.696  0.020  
10 31 -0.339  -0.128  -0.310  1.469  0.013  
11 31 0.970  0.172  0.419  -0.880  0.036  
12 31 0.588  0.109  0.147  -0.060  0.026  
13 31 0.258  -0.108  1.225  -0.344  0.001  
14 31 -0.581  -0.234  0.663  1.100  -0.011  
 
  
TC (TFP) Calculations – OLS without fertilizer 
 
BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1976 -1.828  0.793  -0.364  -1.980  0.251  -0.997  0.657  -1.057  0.450  -0.465  0.321  -0.054  -1.621  -1.868  
1977 -1.968  0.920  -0.268  -1.895  0.379  -1.302  0.464  -1.020  0.575  -0.455  0.314  0.030  -1.606  -1.874  
1978 -1.193  1.307  -0.190  -1.806  0.509  -1.248  0.430  -0.995  0.624  -0.293  0.342  0.069  -1.373  -1.766  
1979 -0.456  1.383  -0.121  -1.731  0.530  -1.135  0.431  -0.964  0.687  -0.330  0.633  0.088  -1.137  -1.726  
1980 -0.646  1.510  -0.065  -1.593  0.646  -0.620  0.057  -0.848  0.693  -0.342  0.996  0.228  -0.864  -1.562  
1981 -1.271  1.613  0.021  -1.417  0.999  -0.377  0.149  -0.787  0.749  -0.174  1.118  0.293  -0.863  -1.587  
1982 -0.948  1.657  0.212  -1.262  0.917  -0.043  0.428  -0.694  0.797  -0.241  1.157  0.435  -0.897  -1.649  
1983 -0.797  1.653  0.186  -1.125  0.672  0.125  0.261  -0.682  0.388  -0.483  1.522  0.544  -0.918  -1.474  
1984 -0.830  1.698  0.287  -1.043  0.759  0.279  1.094  -0.655  0.303  -0.512  1.369  0.681  -0.913  -1.328  
1985 -0.459  1.961  0.579  -0.920  0.834  0.300  1.160  -0.560  0.407  -0.210  1.418  0.827  -0.874  -1.152  
1986 -0.364  2.086  0.714  -0.684  0.882  0.268  1.312  -0.401  0.536  -0.321  1.787  0.947  -0.801  -1.011  
1987 -0.410  2.287  0.821  -0.449  0.913  0.263  1.404  -0.235  0.662  -0.270  2.171  1.108  -0.440  -0.947  
1988 -0.378  2.444  0.994  -0.325  0.950  0.330  1.797  -0.078  0.786  -0.045  2.038  1.243  -0.589  -0.916  
1989 -0.569  2.652  1.103  -0.234  0.929  0.431  1.912  0.092  1.026  0.012  1.576  1.382  -0.645  -1.037  
1990 -0.658  2.399  1.178  -0.111  0.923  0.464  2.008  0.382  1.033  -0.203  1.383  1.539  -0.725  -0.987  
1991 0.076  2.742  1.287  0.003  0.905  0.541  2.035  0.374  1.162  -0.208  2.125  1.560  -0.777  -0.944  
1992 -0.123  2.419  1.402  0.054  1.026  0.668  1.902  0.149  1.309  -0.345  1.978  1.628  -0.031  -0.625  
1993 -0.012  3.046  1.481  0.175  1.089  0.915  1.995  0.375  1.845  -0.016  1.813  1.672  -0.848  -0.883  
1994 0.554  3.138  1.875  0.238  1.190  1.009  2.220  0.479  1.730  0.237  1.928  1.669  -0.772  -0.528  
1995 -1.014  3.973  2.282  0.503  1.343  1.465  2.315  0.563  1.957  0.343  2.683  1.743  -0.376  -0.774  
1996 -1.667  3.953  2.459  0.634  1.244  1.249  2.380  0.623  2.013  0.439  2.961  1.874  -0.241  -0.707  
1997 -1.015  4.169  2.641  0.833  1.284  1.580  2.378  0.622  2.086  0.601  2.922  2.106  -0.363  -0.405  
1998 -2.160  4.080  2.699  0.932  1.436  1.996  2.471  0.565  2.307  0.703  3.170  2.096  -0.451  -0.343  
1999 -1.271  3.914  2.971  1.083  2.069  1.886  2.450  0.676  2.577  0.723  2.998  2.228  -0.476  -0.383  
2000 0.213  4.192  3.183  1.253  2.073  2.193  2.540  0.511  2.165  0.787  3.062  2.323  -0.501  -0.760  
2001 0.440  3.877  3.392  1.492  2.066  2.021  2.787  0.596  2.166  0.905  3.147  2.175  -0.569  -1.255  
2002 0.497  3.983  3.578  1.596  2.136  1.765  2.843  0.680  2.003  1.024  3.228  2.280  -0.634  -1.781  
2003 0.124  4.147  3.780  1.644  2.199  1.978  2.965  0.763  1.753  1.025  3.228  2.433  -0.393  -1.351  
2004 0.192  4.170  3.910  1.736  2.066  2.047  3.027  0.890  1.804  1.127  3.420  2.537  -0.012  -1.321  
2005 0.292  4.257  4.173  1.983  2.292  2.144  3.203  0.986  1.854  1.230  3.460  2.510  -0.023  -1.217  





v. ML without fertilizer 
 
Input Elasticity Calculations 
Input elasticity Labor Tractor Livestock Land Time 
countries year x1 x3 x4 x5 T 
1 1 -0.156  0.603  1.178  -0.444  -0.032  
2 1 -0.295  0.347  0.484  0.410  -0.011  
3 1 0.558  -0.020  0.082  0.281  -0.030  
4 1 0.923  -0.439  -0.061  0.254  -0.038  
5 1 0.618  0.179  0.511  -0.032  -0.035  
6 1 0.558  0.055  0.955  -0.283  -0.038  
7 1 0.442  0.095  0.831  -0.015  -0.029  
8 1 0.833  0.550  1.720  -1.128  -0.057  
9 1 0.538  0.130  0.452  0.091  -0.031  
10 1 0.242  0.093  0.944  -0.083  -0.028  
11 1 0.673  0.259  0.224  0.048  -0.036  
12 1 0.481  0.041  0.073  0.320  -0.028  
13 1 0.439  -0.033  0.243  0.139  -0.032  
14 1 0.142  -0.027  0.718  0.017  -0.027  
1 2 -0.120  0.589  1.149  -0.456  -0.032  
2 2 -0.304  0.346  0.451  0.443  -0.009  
3 2 0.563  -0.018  0.051  0.301  -0.029  
4 2 0.902  -0.482  -0.122  0.329  -0.035  
5 2 0.610  0.181  0.478  -0.001  -0.033  
6 2 0.628  0.038  0.926  -0.328  -0.039  
7 2 0.496  0.083  0.799  -0.041  -0.029  
8 2 0.837  0.545  1.694  -1.112  -0.056  
9 2 0.533  0.129  0.422  0.120  -0.029  
10 2 0.252  0.089  0.930  -0.079  -0.027  
11 2 0.678  0.221  0.166  0.096  -0.034  
12 2 0.477  0.032  0.033  0.354  -0.026  
13 2 0.452  -0.032  0.182  0.162  -0.031  
14 2 0.149  -0.045  0.671  0.045  -0.026  
1 3 -0.251  0.614  1.123  -0.313  -0.025  
2 3 -0.342  0.356  0.384  0.528  -0.006  
3 3 0.569  -0.019  0.019  0.320  -0.027  
4 3 0.893  -0.485  -0.141  0.352  -0.033  
5 3 0.602  0.184  0.446  0.030  -0.031  
6 3 0.637  0.034  0.883  -0.304  -0.038  
7 3 0.515  0.076  0.775  -0.039  -0.028  
8 3 0.846  0.539  1.666  -1.098  -0.054  
9 3 0.536  0.125  0.403  0.133  -0.028  
10 3 0.234  0.091  0.916  -0.050  -0.024  
11 3 0.675  0.196  0.129  0.133  -0.032  
12 3 0.479  0.021  -0.007  0.382  -0.025  
13 3 0.429  -0.019  0.121  0.219  -0.028  
14 3 0.145  -0.045  0.620  0.082  -0.024  
1 4 -0.375  0.637  1.097  -0.176  -0.018  
2 4 -0.342  0.353  0.352  0.552  -0.004  
3 4 0.578  -0.019  -0.012  0.336  -0.026  
4 4 0.884  -0.493  -0.165  0.379  -0.031  




6 4 0.638  0.033  0.836  -0.270  -0.036  
7 4 0.528  0.073  0.753  -0.035  -0.027  
8 4 0.851  0.534  1.641  -1.084  -0.053  
9 4 0.535  0.120  0.385  0.151  -0.026  
10 4 0.247  0.085  0.912  -0.056  -0.024  
11 4 0.628  0.190  0.097  0.205  -0.029  
12 4 0.485  0.010  -0.045  0.405  -0.023  
13 4 0.400  -0.004  0.064  0.277  -0.026  
14 4 0.151  -0.046  0.584  0.101  -0.023  
1 5 -0.329  0.621  1.068  -0.197  -0.018  
2 5 -0.349  0.352  0.347  0.570  -0.002  
3 5 0.589  -0.019  -0.042  0.350  -0.025  
4 5 0.878  -0.483  -0.191  0.402  -0.029  
5 5 0.608  0.184  0.376  0.072  -0.028  
6 5 0.559  0.051  0.803  -0.173  -0.031  
7 5 0.612  0.054  0.726  -0.093  -0.029  
8 5 0.842  0.533  1.615  -1.056  -0.051  
9 5 0.544  0.113  0.366  0.158  -0.025  
10 5 0.261  0.080  0.899  -0.057  -0.023  
11 5 0.572  0.196  0.072  0.278  -0.025  
12 5 0.469  0.005  -0.084  0.449  -0.021  
13 5 0.364  0.013  0.006  0.341  -0.023  
14 5 0.155  0.000  0.567  0.094  -0.022  
1 6 -0.204  0.588  1.038  -0.292  -0.022  
2 6 -0.354  0.351  0.315  0.598  0.000  
3 6 0.595  -0.018  -0.078  0.371  -0.023  
4 6 0.863  -0.471  -0.210  0.429  -0.027  
5 6 0.557  0.196  0.355  0.136  -0.024  
6 6 0.520  0.058  0.795  -0.130  -0.028  
7 6 0.609  0.056  0.711  -0.078  -0.028  
8 6 0.843  0.530  1.592  -1.038  -0.050  
9 6 0.545  0.108  0.341  0.177  -0.023  
10 6 0.242  0.082  0.872  -0.020  -0.020  
11 6 0.567  0.196  0.039  0.307  -0.023  
12 6 0.475  0.008  -0.101  0.457  -0.019  
13 6 0.375  0.017  -0.005  0.336  -0.022  
14 6 0.152  -0.047  0.523  0.142  -0.020  
1 7 -0.252  0.594  1.011  -0.226  -0.019  
2 7 -0.350  0.347  0.288  0.614  0.001  
3 7 0.581  -0.012  -0.114  0.411  -0.021  
4 7 0.854  -0.468  -0.247  0.464  -0.025  
5 7 0.585  0.190  0.332  0.127  -0.024  
6 7 0.466  0.069  0.782  -0.071  -0.024  
7 7 0.574  0.065  0.693  -0.030  -0.025  
8 7 0.837  0.527  1.570  -1.015  -0.048  
9 7 0.548  0.103  0.316  0.195  -0.022  
10 7 0.262  0.075  0.859  -0.029  -0.020  
11 7 0.572  0.193  0.013  0.322  -0.021  
12 7 0.468  0.014  -0.118  0.479  -0.018  
13 7 0.398  0.020  -0.034  0.331  -0.021  
14 7 0.180  -0.053  0.500  0.135  -0.019  




2 8 -0.339  0.341  0.292  0.608  0.002  
3 8 0.599  -0.016  -0.135  0.410  -0.020  
4 8 0.848  -0.462  -0.279  0.492  -0.023  
5 8 0.642  0.177  0.310  0.089  -0.025  
6 8 0.448  0.074  0.757  -0.037  -0.022  
7 8 0.619  0.056  0.678  -0.059  -0.025  
8 8 0.846  0.522  1.548  -1.006  -0.047  
9 8 0.634  0.079  0.289  0.135  -0.024  
10 8 0.313  0.062  0.844  -0.066  -0.021  
11 8 0.517  0.203  -0.009  0.391  -0.017  
12 8 0.465  0.018  -0.138  0.496  -0.016  
13 8 0.423  0.034  -0.045  0.311  -0.021  
14 8 0.161  -0.048  0.488  0.164  -0.017  
1 9 -0.256  0.585  1.055  -0.234  -0.016  
2 9 -0.336  0.337  0.265  0.625  0.004  
3 9 0.600  -0.014  -0.169  0.434  -0.019  
4 9 0.845  -0.459  -0.299  0.508  -0.022  
5 9 0.639  0.177  0.288  0.109  -0.023  
6 9 0.435  0.078  0.728  -0.004  -0.020  
7 9 0.532  0.091  0.568  0.105  -0.019  
8 9 0.853  0.518  1.526  -0.995  -0.045  
9 9 0.661  0.068  0.261  0.130  -0.023  
10 9 0.332  0.058  0.818  -0.065  -0.020  
11 9 0.561  0.192  -0.043  0.374  -0.018  
12 9 0.457  0.024  -0.154  0.517  -0.014  
13 9 0.435  0.034  -0.066  0.315  -0.020  
14 9 0.146  -0.046  0.474  0.190  -0.015  
1 10 -0.289  0.595  0.984  -0.151  -0.012  
2 10 -0.363  0.338  0.215  0.688  0.007  
3 10 0.565  -0.004  -0.199  0.489  -0.015  
4 10 0.837  -0.462  -0.334  0.543  -0.020  
5 10 0.639  0.178  0.264  0.126  -0.022  
6 10 0.451  0.078  0.692  0.007  -0.019  
7 10 0.533  0.091  0.555  0.115  -0.017  
8 10 0.847  0.516  1.504  -0.972  -0.044  
9 10 0.653  0.066  0.236  0.157  -0.021  
10 10 0.290  0.069  0.791  -0.007  -0.017  
11 10 0.563  0.190  -0.065  0.388  -0.016  
12 10 0.448  0.030  -0.171  0.540  -0.012  
13 10 0.441  0.035  -0.094  0.327  -0.019  
14 10 0.127  -0.041  0.449  0.225  -0.012  
1 11 -0.295  0.593  0.957  -0.125  -0.010  
2 11 -0.370  0.336  0.177  0.725  0.009  
3 11 0.555  -0.001  -0.226  0.518  -0.013  
4 11 0.812  -0.465  -0.385  0.606  -0.017  
5 11 0.644  0.177  0.239  0.140  -0.020  
6 11 0.474  0.075  0.660  0.008  -0.018  
7 11 0.518  0.095  0.543  0.140  -0.015  
8 11 0.830  0.517  1.483  -0.939  -0.041  
9 11 0.642  0.065  0.207  0.190  -0.019  
10 11 0.324  0.061  0.760  -0.017  -0.016  




12 11 0.444  0.035  -0.188  0.558  -0.010  
13 11 0.444  0.039  -0.129  0.347  -0.017  
14 11 0.114  -0.039  0.435  0.250  -0.010  
1 12 -0.275  0.585  0.929  -0.123  -0.009  
2 12 -0.375  0.337  0.135  0.766  0.011  
3 12 0.549  0.000  -0.246  0.540  -0.012  
4 12 0.793  -0.458  -0.430  0.656  -0.014  
5 12 0.651  0.175  0.213  0.151  -0.019  
6 12 0.489  0.073  0.639  0.010  -0.017  
7 12 0.514  0.097  0.530  0.155  -0.013  
8 12 0.811  0.519  1.462  -0.905  -0.039  
9 12 0.630  0.064  0.181  0.221  -0.017  
10 12 0.328  0.061  0.728  0.000  -0.015  
11 12 0.454  0.216  -0.122  0.531  -0.008  
12 12 0.431  0.042  -0.207  0.584  -0.008  
13 12 0.392  0.055  -0.148  0.408  -0.014  
14 12 0.119  -0.039  0.403  0.268  -0.009  
1 13 -0.269  0.580  0.902  -0.108  -0.008  
2 13 -0.385  0.337  0.095  0.806  0.013  
3 13 0.531  0.005  -0.270  0.574  -0.009  
4 13 0.786  -0.455  -0.460  0.684  -0.012  
5 13 0.658  0.174  0.187  0.164  -0.018  
6 13 0.494  0.074  0.611  0.026  -0.016  
7 13 0.488  0.113  0.454  0.236  -0.010  
8 13 0.794  0.520  1.441  -0.872  -0.037  
9 13 0.619  0.063  0.152  0.252  -0.015  
10 13 0.301  0.068  0.697  0.047  -0.012  
11 13 0.495  0.208  -0.158  0.517  -0.008  
12 13 0.424  0.047  -0.224  0.605  -0.006  
13 13 0.433  0.046  -0.183  0.394  -0.014  
14 13 0.127  -0.041  0.378  0.280  -0.008  
1 14 -0.223  0.566  0.874  -0.131  -0.009  
2 14 -0.400  0.340  0.046  0.856  0.016  
3 14 0.524  0.007  -0.292  0.597  -0.007  
4 14 0.781  -0.457  -0.485  0.708  -0.010  
5 14 0.675  0.171  0.160  0.166  -0.017  
6 14 0.493  0.077  0.584  0.046  -0.014  
7 14 0.480  0.115  0.441  0.255  -0.008  
8 14 0.774  0.522  1.419  -0.837  -0.034  
9 14 0.594  0.068  0.111  0.306  -0.012  
10 14 0.304  0.068  0.665  0.065  -0.011  
11 14 0.596  0.184  -0.196  0.451  -0.011  
12 14 0.416  0.053  -0.242  0.627  -0.004  
13 14 0.451  0.044  -0.202  0.388  -0.013  
14 14 0.161  -0.049  0.363  0.261  -0.008  
1 15 -0.199  0.556  0.931  -0.178  -0.008  
2 15 -0.329  0.327  0.023  0.811  0.014  
3 15 0.524  0.007  -0.317  0.614  -0.006  
4 15 0.771  -0.453  -0.508  0.733  -0.008  
5 15 0.683  0.169  0.146  0.168  -0.016  
6 15 0.503  0.077  0.560  0.055  -0.013  




8 15 0.743  0.549  1.411  -0.805  -0.031  
9 15 0.600  0.062  0.089  0.316  -0.011  
10 15 0.357  0.057  0.631  0.038  -0.011  
11 15 0.645  0.171  -0.231  0.429  -0.012  
12 15 0.404  0.059  -0.259  0.652  -0.002  
13 15 0.475  0.047  -0.213  0.368  -0.013  
14 15 0.165  -0.050  0.338  0.275  -0.006  
1 16 -0.317  0.581  0.823  -0.003  -0.001  
2 16 -0.370  0.339  -0.016  0.878  0.018  
3 16 0.518  0.009  -0.338  0.637  -0.004  
4 16 0.765  -0.449  -0.537  0.758  -0.007  
5 16 0.703  0.169  0.114  0.171  -0.015  
6 16 0.506  0.079  0.536  0.071  -0.011  
7 16 0.484  0.116  0.409  0.277  -0.005  
8 16 0.766  0.565  1.407  -0.827  -0.031  
9 16 0.590  0.061  0.066  0.345  -0.009  
10 16 0.372  0.055  0.605  0.042  -0.011  
11 16 0.525  0.198  -0.259  0.563  -0.005  
12 16 0.416  0.060  -0.282  0.657  -0.001  
13 16 0.492  0.047  -0.236  0.364  -0.012  
14 16 0.170  -0.051  0.313  0.288  -0.005  
1 17 -0.269  0.567  0.795  -0.027  -0.002  
2 17 -0.290  0.317  -0.043  0.829  0.016  
3 17 0.505  0.000  -0.368  0.673  -0.002  
4 17 0.770  -0.448  -0.567  0.773  -0.005  
5 17 0.699  0.176  0.082  0.195  -0.013  
6 17 0.502  0.082  0.506  0.097  -0.010  
7 17 0.520  0.106  0.388  0.259  -0.005  
8 17 0.824  0.563  1.395  -0.876  -0.032  
9 17 0.576  0.063  0.045  0.375  -0.007  
10 17 0.410  0.047  0.577  0.025  -0.011  
11 17 0.568  0.187  -0.293  0.548  -0.005  
12 17 0.415  0.053  -0.314  0.684  0.000  
13 17 0.371  0.091  -0.268  0.490  -0.006  
14 17 0.129  -0.041  0.281  0.350  -0.001  
1 18 -0.277  0.567  0.769  0.000  0.000  
2 18 -0.377  0.343  -0.091  0.945  0.022  
3 18 0.503  0.002  -0.386  0.688  0.000  
4 18 0.761  -0.445  -0.591  0.799  -0.003  
5 18 0.703  0.181  0.053  0.209  -0.012  
6 18 0.475  0.092  0.479  0.142  -0.007  
7 18 0.529  0.109  0.347  0.282  -0.004  
8 18 0.802  0.582  1.384  -0.849  -0.030  
9 18 0.504  0.080  -0.003  0.479  -0.002  
10 18 0.379  0.060  0.524  0.093  -0.007  
11 18 0.616  0.179  -0.325  0.525  -0.005  
12 18 0.416  0.044  -0.345  0.706  0.002  
13 18 0.459  0.049  -0.178  0.338  -0.010  
14 18 0.189  -0.055  0.255  0.312  -0.002  
1 19 -0.369  0.585  0.744  0.105  0.006  
2 19 -0.381  0.345  -0.089  0.952  0.023  




4 19 0.761  -0.443  -0.616  0.814  -0.002  
5 19 0.701  0.188  0.023  0.230  -0.010  
6 19 0.477  0.094  0.451  0.161  -0.005  
7 19 0.503  0.117  0.327  0.322  -0.001  
8 19 0.801  0.595  1.373  -0.843  -0.029  
9 19 0.536  0.072  -0.018  0.461  -0.002  
10 19 0.352  0.070  0.489  0.143  -0.005  
11 19 0.611  0.183  -0.352  0.549  -0.004  
12 19 0.425  0.034  -0.369  0.718  0.003  
13 19 0.456  0.047  -0.225  0.371  -0.008  
14 19 0.137  -0.043  0.221  0.384  0.001  
1 20 -0.071  0.514  0.712  -0.152  -0.006  
2 20 -0.516  0.379  -0.096  1.087  0.031  
3 20 0.386  0.033  -0.429  0.830  0.008  
4 20 0.727  -0.433  -0.644  0.866  0.001  
5 20 0.689  0.197  -0.006  0.259  -0.008  
6 20 0.415  0.112  0.422  0.242  -0.001  
7 20 0.499  0.120  0.309  0.339  0.000  
8 20 0.804  0.609  1.364  -0.842  -0.027  
9 20 0.504  0.078  -0.030  0.501  0.001  
10 20 0.346  0.073  0.463  0.165  -0.003  
11 20 0.507  0.214  -0.413  0.691  0.003  
12 20 0.421  0.028  -0.395  0.743  0.005  
13 20 0.397  0.059  -0.276  0.459  -0.003  
14 20 0.195  -0.057  0.195  0.348  0.000  
1 21 0.083  0.530  0.719  -0.314  -0.011  
2 21 -0.496  0.377  -0.124  1.089  0.032  
3 21 0.367  0.039  -0.447  0.862  0.010  
4 21 0.714  -0.429  -0.667  0.893  0.003  
5 21 0.721  0.195  -0.033  0.244  -0.008  
6 21 0.468  0.102  0.401  0.207  -0.002  
7 21 0.501  0.121  0.291  0.351  0.002  
8 21 0.810  0.616  1.350  -0.837  -0.026  
9 21 0.507  0.077  -0.050  0.514  0.002  
10 21 0.343  0.076  0.436  0.187  -0.001  
11 21 0.476  0.224  -0.450  0.746  0.006  
12 21 0.407  0.025  -0.424  0.778  0.007  
13 21 0.386  0.060  -0.328  0.503  -0.001  
14 21 0.196  -0.057  0.170  0.365  0.002  
1 22 -0.024  0.552  0.695  -0.195  -0.005  
2 22 -0.521  0.385  -0.127  1.118  0.034  
3 22 0.347  0.046  -0.466  0.894  0.013  
4 22 0.695  -0.422  -0.702  0.934  0.006  
5 22 0.727  0.200  -0.057  0.253  -0.007  
6 22 0.421  0.114  0.384  0.264  0.002  
7 22 0.516  0.120  0.271  0.352  0.003  
8 22 0.823  0.614  1.330  -0.835  -0.025  
9 22 0.499  0.077  -0.058  0.528  0.004  
10 22 0.327  0.081  0.411  0.220  0.001  
11 22 0.505  0.222  -0.492  0.748  0.006  
12 22 0.376  0.025  -0.453  0.830  0.010  




14 22 0.154  -0.048  0.146  0.422  0.005  
1 23 0.192  0.487  0.656  -0.366  -0.013  
2 23 -0.491  0.380  -0.151  1.107  0.034  
3 23 0.350  0.047  -0.488  0.907  0.014  
4 23 0.691  -0.419  -0.729  0.957  0.007  
5 23 0.716  0.209  -0.087  0.282  -0.005  
6 23 0.365  0.131  0.356  0.338  0.006  
7 23 0.513  0.122  0.252  0.369  0.004  
8 23 0.841  0.598  1.302  -0.828  -0.024  
9 23 0.471  0.083  -0.078  0.569  0.007  
10 23 0.322  0.084  0.383  0.243  0.003  
11 23 0.478  0.228  -0.530  0.801  0.009  
12 23 0.389  0.016  -0.484  0.842  0.011  
13 23 0.416  0.036  -0.377  0.501  0.000  
14 23 0.156  -0.048  0.111  0.444  0.007  
1 24 0.040  0.516  0.629  -0.202  -0.004  
2 24 -0.444  0.371  -0.160  1.073  0.034  
3 24 0.315  0.057  -0.511  0.956  0.017  
4 24 0.677  -0.414  -0.758  0.989  0.010  
5 24 0.616  0.239  -0.114  0.392  0.001  
6 24 0.403  0.125  0.327  0.323  0.006  
7 24 0.531  0.120  0.233  0.366  0.005  
8 24 0.838  0.608  1.288  -0.817  -0.023  
9 24 0.431  0.091  -0.089  0.616  0.010  
10 24 0.333  0.083  0.353  0.253  0.004  
11 24 0.527  0.216  -0.570  0.784  0.009  
12 24 0.375  0.011  -0.513  0.878  0.013  
13 24 0.422  0.033  -0.408  0.510  0.001  
14 24 0.176  -0.053  0.086  0.443  0.008  
1 25 -0.195  0.570  0.465  0.120  0.008  
2 25 -0.484  0.381  -0.158  1.113  0.037  
3 25 0.290  0.064  -0.532  0.995  0.020  
4 25 0.655  -0.408  -0.779  1.023  0.012  
5 25 0.630  0.240  -0.144  0.398  0.002  
6 25 0.362  0.137  0.307  0.377  0.009  
7 25 0.529  0.122  0.213  0.383  0.007  
8 25 0.882  0.600  1.268  -0.843  -0.023  
9 25 0.485  0.071  -0.045  0.533  0.008  
10 25 0.335  0.085  0.326  0.270  0.005  
11 25 0.534  0.215  -0.611  0.807  0.010  
12 25 0.370  0.002  -0.553  0.914  0.015  
13 25 0.428  0.030  -0.422  0.513  0.002  
14 25 0.258  -0.072  0.059  0.385  0.006  
1 26 -0.202  0.579  0.404  0.171  0.011  
2 26 -0.413  0.367  -0.183  1.063  0.035  
3 26 0.266  0.072  -0.554  1.033  0.022  
4 26 0.630  -0.399  -0.820  1.073  0.015  
5 26 0.646  0.238  -0.178  0.405  0.003  
6 26 0.410  0.128  0.280  0.351  0.009  
7 26 0.499  0.132  0.195  0.425  0.009  
8 26 0.880  0.602  1.250  -0.828  -0.022  




10 26 0.327  0.088  0.298  0.295  0.007  
11 26 0.533  0.214  -0.644  0.831  0.012  
12 26 0.416  -0.006  -0.590  0.897  0.015  
13 26 0.441  0.024  -0.454  0.516  0.003  
14 26 0.362  -0.096  0.022  0.313  0.003  
1 27 -0.199  0.580  0.380  0.185  0.012  
2 27 -0.414  0.370  -0.196  1.077  0.037  
3 27 0.246  0.078  -0.575  1.068  0.025  
4 27 0.626  -0.396  -0.854  1.100  0.017  
5 27 0.647  0.240  -0.211  0.426  0.004  
6 27 0.471  0.116  0.259  0.310  0.008  
7 27 0.504  0.133  0.177  0.435  0.011  
8 27 0.878  0.604  1.232  -0.812  -0.020  
9 27 0.540  0.058  -0.088  0.514  0.009  
10 27 0.320  0.092  0.271  0.321  0.009  
11 27 0.532  0.211  -0.680  0.858  0.014  
12 27 0.410  -0.003  -0.613  0.919  0.017  
13 27 0.453  0.019  -0.486  0.522  0.004  
14 27 0.470  -0.122  -0.006  0.231  0.000  
1 28 -0.117  0.563  0.356  0.126  0.010  
2 28 -0.430  0.376  -0.219  1.109  0.039  
3 28 0.224  0.085  -0.598  1.105  0.027  
4 28 0.631  -0.395  -0.886  1.116  0.018  
5 28 0.650  0.241  -0.245  0.446  0.006  
6 28 0.446  0.124  0.238  0.349  0.010  
7 28 0.497  0.136  0.159  0.456  0.013  
8 28 0.876  0.607  1.214  -0.797  -0.018  
9 28 0.599  0.047  -0.109  0.473  0.008  
10 28 0.334  0.091  0.240  0.329  0.010  
11 28 0.548  0.210  -0.711  0.864  0.015  
12 28 0.396  0.002  -0.638  0.950  0.019  
13 28 0.424  0.026  -0.532  0.578  0.007  
14 28 0.406  -0.106  -0.040  0.314  0.004  
1 29 -0.116  0.565  0.332  0.141  0.011  
2 29 -0.421  0.375  -0.223  1.107  0.040  
3 29 0.215  0.089  -0.623  1.131  0.029  
4 29 0.624  -0.392  -0.912  1.139  0.020  
5 29 0.688  0.234  -0.279  0.432  0.005  
6 29 0.447  0.125  0.217  0.363  0.012  
7 29 0.499  0.138  0.144  0.466  0.014  
8 29 0.866  0.610  1.197  -0.775  -0.017  
9 29 0.604  0.047  -0.131  0.485  0.009  
10 29 0.329  0.094  0.213  0.352  0.012  
11 29 0.529  0.216  -0.741  0.903  0.017  
12 29 0.391  0.005  -0.664  0.972  0.021  
13 29 0.369  0.040  -0.593  0.667  0.011  
14 29 0.414  -0.107  -0.064  0.324  0.005  
1 30 -0.120  0.567  0.309  0.162  0.013  
2 30 -0.425  0.378  -0.227  1.116  0.042  
3 30 0.181  0.099  -0.648  1.180  0.032  
4 30 0.596  -0.383  -0.951  1.191  0.023  




6 30 0.443  0.128  0.196  0.382  0.013  
7 30 0.480  0.144  0.130  0.495  0.016  
8 30 0.862  0.613  1.179  -0.757  -0.015  
9 30 0.608  0.048  -0.152  0.496  0.011  
10 30 0.324  0.097  0.183  0.376  0.014  
11 30 0.538  0.217  -0.772  0.916  0.018  
12 30 0.410  0.003  -0.690  0.972  0.022  
13 30 0.386  0.037  -0.641  0.681  0.012  
14 30 0.409  -0.104  -0.099  0.351  0.007  
1 31 -0.091  0.562  0.325  0.129  0.013  
2 31 -0.428  0.380  -0.238  1.128  0.043  
3 31 0.176  0.102  -0.673  1.203  0.034  
4 31 0.609  -0.384  -0.984  1.200  0.024  
5 31 0.636  0.250  -0.345  0.525  0.011  
6 31 0.466  0.124  0.174  0.376  0.014  
7 31 0.533  0.133  0.114  0.459  0.016  
8 31 0.858  0.616  1.161  -0.740  -0.013  
9 31 0.604  0.051  -0.173  0.515  0.012  
10 31 0.319  0.099  0.154  0.400  0.015  
11 31 0.531  0.221  -0.802  0.944  0.020  
12 31 0.406  0.005  -0.716  0.994  0.023  
13 31 0.379  0.041  -0.692  0.719  0.014  
14 31 0.404  -0.101  -0.130  0.376  0.009  
 
  
TC Calculations – ML without fertilizer 
Year BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1976 -3.234  -1.134  -3.025  -3.808  -3.485  -3.765  -2.853  -5.713  -3.087  -2.786  -3.623  -2.807  -3.225  -2.740  
1977 -3.227  -0.928  -2.873  -3.500  -3.289  -3.906  -2.916  -5.573  -2.893  -2.677  -3.430  -2.614  -3.112  -2.593  
1978 -2.501  -0.553  -2.728  -3.312  -3.090  -3.768  -2.839  -5.447  -2.750  -2.449  -3.233  -2.451  -2.844  -2.403  
1979 -1.807  -0.389  -2.597  -3.119  -2.977  -3.586  -2.740  -5.312  -2.589  -2.367  -2.856  -2.307  -2.562  -2.268  
1980 -1.842  -0.199  -2.472  -2.939  -2.789  -3.081  -2.941  -5.114  -2.473  -2.277  -2.453  -2.069  -2.251  -2.173  
1981 -2.220  -0.015  -2.325  -2.727  -2.414  -2.779  -2.779  -4.957  -2.318  -2.038  -2.263  -1.940  -2.165  -1.956  
1982 -1.854  0.126  -2.093  -2.519  -2.382  -2.407  -2.472  -4.777  -2.169  -1.981  -2.127  -1.751  -2.116  -1.914  
1983 -1.652  0.224  -2.016  -2.327  -2.476  -2.176  -2.514  -4.660  -2.379  -2.061  -1.735  -1.586  -2.091  -1.682  
1984 -1.567  0.367  -1.852  -2.169  -2.310  -1.960  -1.865  -4.533  -2.337  -1.986  -1.757  -1.398  -1.994  -1.470  
1985 -1.209  0.676  -1.536  -1.963  -2.153  -1.860  -1.720  -4.351  -2.145  -1.650  -1.615  -1.205  -1.867  -1.232  
1986 -1.024  0.881  -1.336  -1.662  -2.018  -1.797  -1.508  -4.120  -1.934  -1.636  -1.226  -1.031  -1.720  -1.023  
1987 -0.950  1.103  -1.155  -1.400  -1.895  -1.709  -1.342  -3.884  -1.725  -1.497  -0.826  -0.823  -1.351  -0.884  
1988 -0.815  1.323  -0.923  -1.210  -1.767  -1.569  -1.003  -3.655  -1.518  -1.220  -0.839  -0.637  -1.366  -0.759  
1989 -0.857  1.574  -0.738  -1.029  -1.687  -1.404  -0.820  -3.415  -1.233  -1.077  -1.103  -0.450  -1.305  -0.756  
1990 -0.843  1.441  -0.584  -0.836  -1.581  -1.289  -0.651  -3.147  -1.109  -1.147  -1.153  -0.245  -1.282  -0.617  
1991 -0.132  1.793  -0.402  -0.653  -1.509  -1.143  -0.535  -3.120  -0.903  -1.055  -0.470  -0.142  -1.219  -0.485  
1992 -0.181  1.625  -0.179  -0.520  -1.335  -0.960  -0.537  -3.236  -0.686  -1.066  -0.489  0.031  -0.563  -0.141  
1993 0.014  2.187  -0.022  -0.327  -1.202  -0.684  -0.395  -3.000  -0.187  -0.741  -0.534  0.190  -0.950  -0.245  
1994 0.567  2.346  0.378  -0.179  -1.038  -0.529  -0.130  -2.862  -0.176  -0.458  -0.354  0.314  -0.774  0.137  
1995 -0.561  3.078  0.791  0.125  -0.835  -0.092  0.037  -2.740  0.107  -0.280  0.296  0.491  -0.348  0.044  
1996 -1.129  3.152  1.024  0.328  -0.827  -0.172  0.180  -2.620  0.249  -0.110  0.597  0.712  -0.129  0.195  
1997 -0.511  3.406  1.261  0.574  -0.707  0.181  0.269  -2.525  0.418  0.112  0.646  1.013  -0.080  0.532  
1998 -1.266  3.430  1.400  0.747  -0.504  0.590  0.433  -2.438  0.691  0.287  0.936  1.121  0.010  0.684  
1999 -0.448  3.379  1.703  0.962  0.076  0.586  0.508  -2.282  1.009  0.398  0.895  1.344  0.120  0.752  
2000 0.827  3.688  1.963  1.199  0.168  0.917  0.667  -2.320  0.844  0.543  1.039  1.546  0.227  0.554  
2001 1.060  3.535  2.221  1.475  0.259  0.868  0.950  -2.161  0.937  0.731  1.205  1.516  0.305  0.267  
2002 1.199  3.695  2.460  1.654  0.411  0.759  1.081  -2.003  0.912  0.920  1.378  1.692  0.391  -0.042  
2003 0.999  3.918  2.710  1.789  0.557  1.020  1.266  -1.845  0.808  1.016  1.468  1.907  0.682  0.394  
2004 1.146  4.023  2.904  1.966  0.549  1.167  1.406  -1.653  0.941  1.191  1.709  2.083  1.093  0.514  
2005 1.318  4.180  3.203  2.252  0.824  1.337  1.635  -1.486  1.074  1.368  1.830  2.156  1.186  0.693  
2006 1.325  4.341  3.382  2.351  1.093  1.388  1.558  -1.318  1.243  1.545  2.022  2.330  1.383  0.871  
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EC Calculations – ML without fertilizer 
EC(%) BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1977 -3.992  1.661  1.474  10.183  1.010  -0.400  0.573  0.344  1.089  0.044  0.299  1.432  1.404  0.393  
1978 3.192  0.756  0.954  6.176  1.380  0.887  0.398  0.317  1.195  1.708  0.669  0.617  1.674  -0.537  
1979 3.329  -0.863  0.982  4.762  0.474  0.040  0.172  0.363  0.098  -0.190  0.387  0.605  2.116  -0.125  
1980 -1.595  1.758  0.908  -0.159  0.978  0.755  0.047  0.494  1.202  -0.108  -2.970  0.353  0.898  -0.097  
1981 -1.099  2.239  1.168  2.748  1.348  0.017  0.447  0.267  0.846  1.226  0.985  0.600  0.931  1.257  
1982 0.583  0.691  0.289  0.806  1.163  0.447  0.618  1.333  0.212  -0.326  0.453  0.565  -0.232  0.780  
1983 1.410  -0.552  1.081  -0.023  0.999  1.141  -0.144  0.399  -0.139  0.378  0.463  0.191  0.536  -0.730  
1984 0.381  0.190  0.783  0.542  1.144  1.406  -0.011  0.194  0.170  1.098  0.577  0.341  0.256  -0.174  
1985 -1.963  -0.591  0.445  0.367  0.983  0.893  0.676  0.615  0.926  -0.031  -0.191  0.255  1.016  0.652  
1986 -0.339  0.103  0.668  -0.316  2.578  0.271  0.690  0.652  0.520  -0.193  -0.060  -0.307  1.494  0.146  
1987 0.831  0.378  0.885  -0.453  1.201  0.718  0.610  0.558  1.316  0.671  -0.171  1.029  2.050  0.022  
1988 -0.236  -0.943  0.645  0.243  0.846  0.809  -0.033  0.469  0.637  0.504  0.220  -0.467  0.782  0.035  
1989 -0.570  -0.610  1.988  0.673  1.090  0.640  1.110  0.534  0.628  -0.754  0.859  0.479  1.945  -0.587  
1990 -0.574  1.067  1.427  -0.010  1.015  1.296  1.110  1.118  1.032  0.636  1.030  0.300  1.356  1.152  
1991 0.366  0.935  1.160  -0.275  0.876  1.060  0.431  1.532  0.217  0.326  0.183  -0.270  3.699  -0.155  
1992 -1.493  1.572  0.770  -0.592  1.273  1.906  0.611  -0.842  0.430  0.836  0.856  0.352  0.184  0.020  
1993 -0.340  0.538  0.780  -2.725  0.774  -0.411  0.042  0.968  0.130  -0.067  0.480  0.315  16.152  0.089  
1994 1.012  -1.261  0.315  0.694  1.928  -0.619  0.501  0.645  0.912  0.706  0.374  0.614  0.012  0.210  
1995 -2.824  1.008  1.219  -1.173  1.064  0.575  1.119  0.446  0.164  0.497  -0.090  0.128  0.460  -0.234  
1996 1.205  1.106  0.815  2.395  1.600  0.191  0.789  0.662  1.050  0.912  0.213  0.354  -0.162  -0.011  
1997 0.764  0.496  0.719  -0.668  1.411  0.919  0.690  0.244  0.254  -0.780  0.547  0.042  1.734  -0.703  
1998 -0.806  -0.543  1.168  -0.325  1.174  0.143  0.630  -0.595  0.118  -0.451  0.492  0.678  1.206  0.240  
1999 3.590  0.834  0.343  1.400  -0.648  0.247  0.080  0.734  -0.618  0.620  1.291  0.295  0.137  0.802  
2000 -3.506  1.434  -0.224  1.080  1.776  0.134  0.619  -0.062  2.222  -1.009  1.485  0.147  0.565  1.351  
2001 -1.181  0.379  -0.352  -0.350  1.586  -0.650  0.433  -0.018  0.323  0.647  0.211  0.617  0.196  0.007  
2002 0.217  0.946  -0.910  0.165  0.995  -0.206  0.224  0.533  2.660  -0.457  0.453  0.061  0.191  4.072  
2003 1.046  -0.405  -0.341  0.207  0.576  -0.065  -0.034  0.674  1.270  -0.234  1.493  -0.350  -0.013  -1.189  
2004 0.817  1.439  -0.406  0.315  0.706  0.223  -0.063  0.254  0.019  0.245  -0.467  0.109  0.007  1.620  
2005 0.619  -0.064  0.674  -1.772  1.120  0.371  0.461  0.658  0.863  0.232  1.454  0.318  -0.044  -0.138  
2006 0.224  -0.325  -1.086  -0.345  0.477  0.756  -0.067  0.519  0.063  -0.044  0.016  0.033  0.002  0.138  
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TFP Calculations – ML without fertilizer 
TFP(%) BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1977 -7.220  0.733  -1.399  6.683  -2.279  -4.306  -2.343  -5.228  -1.804  -2.634  -3.131  -1.182  -1.708  -2.201  
1978 0.691  0.203  -1.774  2.865  -1.710  -2.881  -2.441  -5.130  -1.555  -0.741  -2.564  -1.834  -1.170  -2.940  
1979 1.523  -1.252  -1.615  1.643  -2.503  -3.546  -2.568  -4.949  -2.491  -2.558  -2.469  -1.702  -0.446  -2.393  
1980 -3.437  1.558  -1.564  -3.099  -1.811  -2.326  -2.895  -4.620  -1.271  -2.385  -5.423  -1.716  -1.352  -2.270  
1981 -3.320  2.224  -1.157  0.022  -1.067  -2.761  -2.331  -4.691  -1.471  -0.812  -1.278  -1.340  -1.234  -0.699  
1982 -1.271  0.817  -1.804  -1.713  -1.218  -1.961  -1.854  -3.445  -1.957  -2.307  -1.674  -1.186  -2.348  -1.134  
1983 -0.242  -0.328  -0.935  -2.350  -1.477  -1.035  -2.658  -4.261  -2.519  -1.684  -1.272  -1.395  -1.555  -2.412  
1984 -1.186  0.558  -1.069  -1.626  -1.166  -0.554  -1.876  -4.338  -2.167  -0.888  -1.180  -1.058  -1.737  -1.644  
1985 -3.171  0.085  -1.090  -1.596  -1.170  -0.967  -1.044  -3.736  -1.219  -1.681  -1.806  -0.950  -0.850  -0.580  
1986 -1.363  0.985  -0.669  -1.978  0.560  -1.526  -0.818  -3.468  -1.414  -1.830  -1.286  -1.338  -0.226  -0.878  
1987 -0.118  1.481  -0.270  -1.853  -0.693  -0.990  -0.732  -3.327  -0.409  -0.826  -0.998  0.205  0.699  -0.861  
1988 -1.051  0.380  -0.278  -0.966  -0.921  -0.760  -1.036  -3.187  -0.881  -0.716  -0.619  -1.104  -0.584  -0.724  
1989 -1.426  0.965  1.250  -0.356  -0.597  -0.764  0.290  -2.881  -0.605  -1.831  -0.244  0.029  0.640  -1.343  
1990 -1.417  2.507  0.843  -0.846  -0.565  0.008  0.459  -2.030  -0.077  -0.512  -0.123  0.055  0.074  0.535  
1991 0.234  2.728  0.758  -0.928  -0.633  -0.082  -0.104  -1.588  -0.686  -0.729  -0.287  -0.412  2.481  -0.640  
1992 -1.674  3.197  0.591  -1.112  -0.062  0.946  0.073  -4.078  -0.257  -0.230  0.367  0.383  -0.379  -0.121  
1993 -0.326  2.725  0.758  -3.052  -0.428  -1.095  -0.353  -2.032  -0.057  -0.808  -0.054  0.505  15.202  -0.157  
1994 1.580  1.085  0.693  0.515  0.890  -1.148  0.371  -2.217  0.737  0.248  0.020  0.928  -0.762  0.347  
1995 -3.385  4.086  2.011  -1.048  0.229  0.483  1.156  -2.294  0.271  0.216  0.206  0.619  0.112  -0.190  
1996 0.076  4.258  1.839  2.723  0.772  0.019  0.969  -1.959  1.299  0.802  0.810  1.066  -0.290  0.185  
1997 0.253  3.902  1.980  -0.095  0.704  1.101  0.959  -2.281  0.673  -0.668  1.193  1.055  1.654  -0.170  
1998 -2.072  2.887  2.568  0.422  0.669  0.732  1.063  -3.032  0.809  -0.164  1.427  1.800  1.216  0.924  
1999 3.143  4.213  2.046  2.362  -0.571  0.833  0.588  -1.547  0.391  1.019  2.186  1.639  0.256  1.554  
2000 -2.680  5.122  1.738  2.279  1.944  1.051  1.286  -2.381  3.066  -0.466  2.524  1.692  0.792  1.906  
2001 -0.121  3.914  1.869  1.125  1.845  0.218  1.383  -2.179  1.260  1.378  1.417  2.133  0.501  0.274  
2002 1.416  4.641  1.550  1.819  1.406  0.553  1.306  -1.470  3.572  0.463  1.830  1.753  0.582  4.030  
2003 2.045  3.513  2.369  1.996  1.133  0.955  1.232  -1.171  2.077  0.782  2.961  1.556  0.669  -0.795  
2004 1.963  5.462  2.499  2.281  1.255  1.390  1.343  -1.400  0.960  1.436  1.242  2.193  1.100  2.134  
2005 1.937  4.116  3.877  0.480  1.943  1.708  2.096  -0.828  1.937  1.601  3.284  2.474  1.142  0.556  
2006 1.549  4.016  2.296  2.006  1.570  2.144  1.491  -0.799  1.307  1.501  2.038  2.363  1.386  1.009  
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vi. Malmquist without fertilizer 
EC – Malmquist without fertilizer 
EC BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1977 1 1.268 1.159 1.122 1 1.084 1 1 1.137 1 1 1.187 1 1 
1978 1 1 0.976 1.01 1 1.099 1 1 1.061 1 1 0.958 1 0.992 
1979 1 0.985 0.978 1.039 1 0.994 1 1 0.976 1 1 0.934 1 0.878 
1980 1 1.015 1.029 0.884 1 1.032 1 1 1.103 1 0.662 0.988 1 1.012 
1981 1 1 1.01 1.124 1 0.926 0.97 1 0.969 1 1.104 1.019 1 0.931 
1982 1 1 0.923 1.066 1 1.041 1.031 1 0.957 0.981 0.983 1.032 1 1.023 
1983 1 1 1.012 1.046 1 1.044 0.944 1 0.861 1.016 0.961 0.95 1 0.973 
1984 1 1 1.06 1.108 1 1 1.038 1 0.939 1.003 1.053 1.023 1 0.936 
1985 1 1 1.029 0.958 1 1 1.021 1 1.061 1 0.921 1.028 1 1.045 
1986 1 1 0.983 0.982 1 0.95 1 1 1.013 1 0.934 0.938 1 1.014 
1987 1 1 0.955 0.892 1 0.919 1 1 1.08 1 0.893 1.003 1 0.941 
1988 1 1 1.029 1.11 1 1.009 1 1 1.042 1 0.949 0.988 1 0.993 
1989 1 1 1.111 1.045 1 0.977 1 1 1.034 0.962 1.001 1.043 1 0.926 
1990 1 1 1.04 1.009 1 1.033 1 1 1.068 1.015 1.045 1.025 1 1.145 
1991 1 1 1 0.92 1 1.065 1 1 0.981 0.96 0.975 0.883 1 0.937 
1992 1 1 1 0.776 1 1.056 1 1 1.014 1.067 1.013 0.963 1 1.04 
1993 1 1 1 0.694 1 0.96 1 1 1.083 1 0.978 0.985 1 0.946 
1994 1 1 1 1.107 1 0.933 1 1 1.004 1 1.017 0.929 1 1.029 
1995 1 1 1 0.888 1 0.977 1 1 0.956 1 1.053 0.928 1 0.976 
1996 1 1 1 1.143 1 0.933 1 1 1.062 1 0.976 0.98 1 1.005 
1997 1 1 1 0.967 1 1.055 1 1 0.978 0.979 0.999 1.003 1 0.921 
1998 1 1 1 0.958 1 0.981 1 1 0.972 1.002 1.031 0.954 1 0.926 
1999 1 1 1 1.199 1 0.989 1 1 0.904 0.931 1.125 0.988 1 0.922 
2000 1 1 1 1.086 1 1.022 1 1 1.118 0.944 1.093 0.957 1 1.097 
2001 1 1 1 1.028 1 0.937 1 1 1.005 1.047 0.947 1.011 1 0.977 
2002 1 1 1 1.072 1 0.993 1 1 1.262 1 1.004 1.03 1 1.222 
2003 1 1 1 0.992 1 0.965 1 1 1.053 0.962 1.104 0.974 1 0.811 
2004 1 1 1 0.959 1 1.012 1 1 0.987 0.968 0.963 1.01 1 0.93 
2005 1 1 1 0.789 1 0.997 1 1 1.009 0.987 1.038 0.943 1 0.973 
2006 1 1 1 0.943 1 1.085 1 1 0.998 1.022 0.995 1.045 1 1.032 
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TC – Malmquist without fertilizer 
TC BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1977 0.811 0.922 0.879 0.978 0.988 0.896 0.991 0.973 0.939 0.967 0.949 0.88 1.029 0.938 
1978 0.988 1.119 1.015 1.084 1.05 0.983 0.987 1.015 1.047 1.098 1.016 1.023 1.08 0.93 
1979 1.012 0.92 1.035 1.025 0.97 0.98 0.954 1.024 0.974 0.945 0.992 1.039 1.066 1.088 
1980 0.955 1.136 0.95 1.031 0.997 0.972 0.936 0.986 0.972 0.953 0.905 0.964 0.999 0.951 
1981 1.076 0.997 1.009 0.985 1.049 1.026 1.021 0.983 1.068 1.009 1.009 1.009 0.992 0.991 
1982 0.96 1.046 1.004 0.964 1.012 0.991 0.995 1.01 0.985 0.943 1.03 0.998 0.951 1.014 
1983 0.939 0.909 1.049 0.931 0.988 0.975 0.947 1.016 0.961 0.973 1.039 1.051 1.003 0.936 
1984 1.032 1.013 0.983 0.98 0.99 1.06 1.023 0.993 0.997 1.058 0.988 0.98 0.968 1.022 
1985 0.956 0.992 0.988 0.992 0.959 0.959 0.986 0.993 0.965 0.977 0.967 0.983 1.002 0.987 
1986 0.951 1.031 1.035 1.039 0.99 0.974 1.026 0.992 0.98 0.963 1.005 1.019 1.052 0.974 
1987 1.052 1.077 1.076 1.125 1.03 1.025 1.01 0.977 1.023 1.029 1.049 1.105 1.121 1.046 
1988 1.006 0.943 1 0.943 1 0.995 1.009 0.982 0.993 1.01 1.007 0.964 0.974 0.989 
1989 1.02 0.995 1.02 0.994 1.029 1.037 1.094 0.997 1.012 0.96 1.043 1 1.006 0.988 
1990 0.953 1.024 1.023 0.992 0.969 1.001 1.059 1.002 0.982 0.988 0.979 1.007 0.963 0.955 
1991 0.974 1 1.06 1.013 1.001 0.971 0.986 1.025 1.012 1.038 1.033 1.057 1.058 1.038 
1992 0.973 1.066 1.017 1.125 1.014 1.02 0.986 0.947 1.008 0.963 1.013 1.038 1.068 0.981 
1993 1.003 1.198 1.004 1.081 1.017 0.983 0.972 1.012 0.995 1.033 1.02 1.011 1.105 1.034 
1994 1.013 0.87 1.079 0.907 0.983 1.007 1.036 1.036 1.047 1.053 1.005 1.085 0.965 1.021 
1995 1.102 1.278 1.107 1.101 0.982 1.052 1.062 0.993 1.061 1.024 1.007 1.063 1.001 0.976 
1996 1.165 1.08 1.04 1.038 1.044 1.062 1.039 1.039 1.033 1.056 1.056 1.027 0.986 1 
1997 0.986 1.048 1.014 1.008 1.03 1.024 1.028 1.011 1.019 0.962 1.026 1.004 1.018 1.052 
1998 1.087 0.928 1.05 0.999 1.019 1.033 1.032 0.95 1.039 0.969 1.033 1.048 1.06 0.949 
1999 1.106 1.017 1.066 0.981 0.981 1.046 0.984 1.045 1.03 1.122 0.974 1.02 0.889 1.159 
2000 0.808 1.153 1.024 1.089 1.035 0.978 1.021 1.011 1.001 0.991 1.036 1.039 1.152 0.973 
2001 0.995 0.951 1.021 0.988 1.06 1.016 1.031 0.958 1.021 1.008 1.052 1.001 0.988 0.98 
2002 0.987 0.949 0.982 0.966 1.036 0.997 0.998 1.021 0.998 0.977 1.019 0.978 1.029 0.991 
2003 1.054 1.015 1.032 1.026 1.005 1.022 1.001 1.013 1.018 1.016 1.018 1.013 1.003 1.101 
2004 1.037 1.116 1.009 1.09 0.979 1.013 0.999 0.973 1.004 1.054 1.01 1.014 1.068 1.04 
2005 1 0.999 1.127 0.999 1.056 1.033 1.051 0.991 1.043 1.028 1.074 1.066 0.918 0.999 
2006 0.978 0.991 0.961 0.977 1.03 0.993 0.971 0.994 0.998 0.979 1.005 0.971 1.025 0.974 
193 
  
TFP – Malmquist without fertilizer 
TFP BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1977 0.811 1.169 1.019 1.097 0.988 0.971 0.991 0.973 1.068 0.967 0.949 1.045 1.029 0.938 
1978 0.988 1.119 0.991 1.096 1.05 1.08 0.987 1.015 1.111 1.098 1.016 0.979 1.08 0.923 
1979 1.012 0.907 1.013 1.066 0.97 0.974 0.954 1.024 0.951 0.945 0.992 0.97 1.066 0.955 
1980 0.955 1.153 0.977 0.911 0.997 1.003 0.936 0.986 1.072 0.953 0.599 0.953 0.999 0.963 
1981 1.076 0.997 1.02 1.106 1.049 0.95 0.99 0.983 1.036 1.009 1.114 1.029 0.992 0.923 
1982 0.96 1.046 0.926 1.027 1.012 1.031 1.025 1.01 0.942 0.925 1.012 1.029 0.951 1.037 
1983 0.939 0.909 1.061 0.974 0.988 1.018 0.893 1.016 0.827 0.989 0.998 0.998 1.003 0.911 
1984 1.032 1.013 1.042 1.086 0.99 1.06 1.061 0.993 0.936 1.061 1.041 1.003 0.968 0.956 
1985 0.956 0.992 1.017 0.951 0.959 0.959 1.008 0.993 1.025 0.977 0.891 1.01 1.002 1.032 
1986 0.951 1.031 1.018 1.02 0.99 0.925 1.026 0.992 0.993 0.963 0.939 0.956 1.052 0.988 
1987 1.052 1.077 1.028 1.004 1.03 0.942 1.01 0.977 1.104 1.029 0.936 1.108 1.121 0.985 
1988 1.006 0.943 1.03 1.047 1 1.004 1.009 0.982 1.035 1.01 0.956 0.952 0.974 0.982 
1989 1.02 0.995 1.133 1.038 1.029 1.013 1.094 0.997 1.047 0.923 1.043 1.042 1.006 0.914 
1990 0.953 1.024 1.064 1.001 0.969 1.034 1.059 1.002 1.049 1.003 1.023 1.032 0.963 1.094 
1991 0.974 1 1.06 0.932 1.001 1.034 0.986 1.025 0.993 0.997 1.007 0.933 1.058 0.973 
1992 0.973 1.066 1.017 0.873 1.014 1.077 0.986 0.947 1.023 1.027 1.026 1 1.068 1.021 
1993 1.003 1.198 1.004 0.75 1.017 0.944 0.972 1.012 1.078 1.033 0.997 0.996 1.105 0.978 
1994 1.013 0.87 1.079 1.005 0.983 0.939 1.036 1.036 1.05 1.053 1.022 1.008 0.965 1.05 
1995 1.102 1.278 1.107 0.978 0.982 1.028 1.062 0.993 1.014 1.024 1.06 0.986 1.001 0.952 
1996 1.165 1.08 1.04 1.187 1.044 0.991 1.039 1.039 1.097 1.056 1.031 1.007 0.986 1.005 
1997 0.986 1.048 1.014 0.975 1.03 1.08 1.028 1.011 0.997 0.942 1.025 1.007 1.018 0.97 
1998 1.087 0.928 1.05 0.957 1.019 1.013 1.032 0.95 1.01 0.971 1.065 1 1.06 0.879 
1999 1.106 1.017 1.066 1.176 0.981 1.034 0.984 1.045 0.931 1.044 1.096 1.008 0.889 1.068 
2000 0.808 1.153 1.024 1.183 1.035 1 1.021 1.011 1.12 0.936 1.132 0.994 1.152 1.067 
2001 0.995 0.951 1.021 1.016 1.06 0.952 1.031 0.958 1.026 1.055 0.996 1.013 0.988 0.957 
2002 0.987 0.949 0.982 1.035 1.036 0.99 0.998 1.021 1.26 0.977 1.023 1.008 1.029 1.21 
2003 1.054 1.015 1.032 1.018 1.005 0.986 1.001 1.013 1.072 0.977 1.124 0.987 1.003 0.893 
2004 1.037 1.116 1.009 1.046 0.979 1.025 0.999 0.973 0.991 1.021 0.973 1.024 1.068 0.967 
2005 1 0.999 1.127 0.789 1.056 1.03 1.051 0.991 1.052 1.015 1.116 1.006 0.918 0.973 






Program Code and Results for OLS and ML with fertilizer 
The Codes 
 
2               1=ERROR COMPONENTS MODEL, 2=TE EFFECTS MODEL 
LA1-d.txt         DATA FILE NAME 
LA1-o.txt         OUTPUT FILE NAME 
1               1=PRODUCTION FUNCTION, 2=COST FUNCTION 
y               LOGGED DEPENDENT VARIABLE (Y/N) 
14               NUMBER OF CROSS-SECTIONS 
31               NUMBER OF TIME PERIODS 
434              NUMBER OF OBSERVATIONS IN TOTAL 
27               NUMBER OF REGRESSOR VARIABLES (Xs)  
y               MU (Y/N) [OR DELTA0 (Y/N) IF USING TE EFFECTS MODEL] 
2               ETA (Y/N) [OR NUMBER OF TE EFFECTS REGRESSORS (Zs)] 
n               STARTING VALUES (Y/N) 
                IF YES THEN     BETA0               
                                BETA1 TO 
                                BETAK             
                                SIGMA SQUARED 
                                GAMMA 
                                MU              [OR DELTA0 
                                ETA                 DELTA1 TO 
                                                      DELTAP] 
 
                                NOTE: IF YOU ARE SUPPLYING STARTING VALUES 
                                AND YOU HAVE RESTRICTED MU [OR DELTA0] TO BE 
                                ZERO THEN YOU SHOULD NOT SUPPLY A STARTING 











Output from the program FRONTIER (Version 4.1c) 
 
 
instruction file = LA1-i.txt    
data file =        LA1-d.txt    
 
 
 Tech. Eff. Effects Frontier (see B&C 1993) 
 The model is a production function 
 The dependent variable is logged 
 
 
the ols estimates are : 
 
                 coefficient     standard-error    t-ratio 
 
  beta 0         0.17076717E+02  0.52554598E+01  0.32493289E+01 
  beta 1         0.12655548E+01  0.82566250E+00  0.15327750E+01 
  beta 2        -0.41511535E+00  0.30502836E+00 -0.13609074E+01 
  beta 3         0.24014270E+01  0.56695053E+00  0.42356905E+01 




  beta 5         0.12768416E+01  0.95153053E+00  0.13418819E+01 
  beta 6         0.43145545E-01  0.26839855E-01  0.16075178E+01 
  beta 7        -0.15490452E+00  0.43760758E-01 -0.35398044E+01 
  beta 8         0.24134807E-02  0.83045588E-02  0.29062118E+00 
  beta 9         0.75368683E-02  0.14042536E-01  0.53671703E+00 
  beta10         0.29797366E+00  0.81324114E-01  0.36640259E+01 
  beta11        -0.25706194E+00  0.86453954E-01 -0.29733971E+01 
  beta12         0.89353895E-03  0.10054191E-03  0.88872288E+01 
  beta13        -0.49966066E-02  0.15397021E-02 -0.32451775E+01 
  beta14        -0.40547104E-02  0.11268159E-02 -0.35983789E+01 
  beta15         0.32047660E-02  0.11926492E-02  0.26870986E+01 
  beta16        -0.86985013E-02  0.34491097E-02 -0.25219556E+01 
  beta17         0.14566556E-01  0.31516012E-02  0.46219541E+01 
  beta18        -0.19758012E+00  0.24550041E-01 -0.80480566E+01 
  beta19         0.87861483E-01  0.33789659E-01  0.26002477E+01 
  beta20        -0.68209440E-01  0.95197101E-01 -0.71650754E+00 
  beta21         0.44193133E+00  0.10925637E+00  0.40449021E+01 
  beta22        -0.23979270E-01  0.14726722E-01 -0.16282829E+01 
  beta23         0.29339164E-01  0.38482973E-01  0.76239337E+00 
  beta24         0.21331778E+00  0.36601456E-01  0.58281226E+01 
  beta25        -0.30337509E+00  0.60889072E-01 -0.49824226E+01 
  beta26         0.21392301E+00  0.50513759E-01  0.42349454E+01 
  beta27        -0.29356733E+00  0.12309627E+00 -0.23848598E+01 
  sigma-squared  0.19182597E-01 
 
log likelihood function =   0.25661686E+03 
 
the estimates after the grid search were : 
 
  beta 0         0.17152391E+02 
  beta 1         0.12655548E+01 
  beta 2        -0.41511535E+00 
  beta 3         0.24014270E+01 
  beta 4        -0.34218085E+01 
  beta 5         0.12768416E+01 
  beta 6         0.43145545E-01 
  beta 7        -0.15490452E+00 
  beta 8         0.24134807E-02 
  beta 9         0.75368683E-02 
  beta10         0.29797366E+00 
  beta11        -0.25706194E+00 
  beta12         0.89353895E-03 
  beta13        -0.49966066E-02 
  beta14        -0.40547104E-02 
  beta15         0.32047660E-02 
  beta16        -0.86985013E-02 
  beta17         0.14566556E-01 
  beta18        -0.19758012E+00 
  beta19         0.87861483E-01 
  beta20        -0.68209440E-01 
  beta21         0.44193133E+00 
  beta22        -0.23979270E-01 
  beta23         0.29339164E-01 
  beta24         0.21331778E+00 
  beta25        -0.30337509E+00 
  beta26         0.21392301E+00 
  beta27        -0.29356733E+00 
  delta 0        0.00000000E+00 
  delta 1        0.00000000E+00 




  sigma-squared  0.23671518E-01 
  gamma          0.38000000E+00 
  
  
 iteration =     0  func evals =     19  llf =  0.25696986E+03 
     0.17152391E+02 0.12655548E+01-0.41511535E+00 0.24014270E+01-0.34218085E+01 
     0.12768416E+01 0.43145545E-01-0.15490452E+00 0.24134807E-02 0.75368683E-02 
     0.29797366E+00-0.25706194E+00 0.89353895E-03-0.49966066E-02-0.40547104E-02 
     0.32047660E-02-0.86985013E-02 0.14566556E-01-0.19758012E+00 0.87861483E-01 
    -0.68209440E-01 0.44193133E+00-0.23979270E-01 0.29339164E-01 0.21331778E+00 
    -0.30337509E+00 0.21392301E+00-0.29356733E+00 0.00000000E+00 0.00000000E+00 
     0.00000000E+00 0.23671518E-01 0.38000000E+00 
 gradient step 
 iteration =     5  func evals =     46  llf =  0.25752340E+03 
     0.17152389E+02 0.12655416E+01-0.41512548E+00 0.24014124E+01-0.34218227E+01 
     0.12768512E+01 0.43134645E-01-0.15505297E+00 0.23563583E-02 0.73503139E-02 
     0.29798066E+00-0.25681382E+00 0.88510763E-03-0.51909613E-02-0.40569517E-02 
     0.33393265E-02-0.87399384E-02 0.14699123E-01-0.19764152E+00 0.87799522E-01 
    -0.68337808E-01 0.44195441E+00-0.24111160E-01 0.29344962E-01 0.21348974E+00 
    -0.30345798E+00 0.21400696E+00-0.29332739E+00-0.39056401E-05-0.82402166E-03 
    -0.34533193E-04 0.23662745E-01 0.38000122E+00 
 iteration =    10  func evals =     65  llf =  0.26326864E+03 
     0.17152408E+02 0.12656235E+01-0.41497981E+00 0.24016057E+01-0.34216710E+01 
     0.12769819E+01 0.43342933E-01-0.15600976E+00 0.15629091E-02 0.68934644E-02 
     0.29779272E+00-0.25646725E+00 0.89412440E-03-0.42245738E-02-0.36540680E-02 
     0.33950294E-02-0.91337962E-02 0.13964579E-01-0.19713515E+00 0.88159008E-01 
    -0.68637831E-01 0.44168990E+00-0.24584287E-01 0.29528436E-01 0.21386350E+00 
    -0.30278202E+00 0.21400913E+00-0.29293046E+00 0.11326176E-03-0.15600518E-01 
     0.10653391E-03 0.24381689E-01 0.38004078E+00 
 iteration =    15  func evals =     84  llf =  0.27396379E+03 
     0.17152846E+02 0.12691490E+01-0.41036191E+00 0.24071167E+01-0.34176652E+01 
     0.12814774E+01 0.50973789E-01-0.16093454E+00-0.23524812E-02 0.34532728E-03 
     0.29037048E+00-0.26084136E+00 0.86639567E-03-0.61524104E-02-0.36614997E-02 
     0.23594775E-02-0.92548434E-02 0.15983578E-01-0.19162960E+00 0.85987373E-01 
    -0.62361439E-01 0.43608882E+00-0.23736398E-01 0.30881234E-01 0.21455768E+00 
    -0.29124015E+00 0.20682129E+00-0.28467598E+00 0.11286248E-01-0.40759004E-01 
     0.44761009E-01 0.19333565E-01 0.38229940E+00 
 iteration =    20  func evals =    104  llf =  0.27590075E+03 
     0.17152497E+02 0.12738423E+01-0.40199490E+00 0.24113061E+01-0.34139480E+01 
     0.12873850E+01 0.44236774E-01-0.15674196E+00-0.29772338E-02-0.97675304E-02 
     0.28748287E+00-0.24577195E+00 0.85955745E-03-0.55723401E-02-0.39933991E-02 
     0.25292861E-02-0.81714519E-02 0.14669261E-01-0.17457840E+00 0.70580439E-01 
    -0.65526109E-01 0.42663255E+00-0.10614674E-01 0.28699526E-01 0.19136248E+00 
    -0.28583436E+00 0.21210848E+00-0.27961405E+00 0.17799527E-01-0.45896798E-01 
     0.49813630E-01 0.19293833E-01 0.41104698E+00 
 iteration =    25  func evals =    121  llf =  0.27930904E+03 
     0.17145601E+02 0.12836551E+01-0.37969599E+00 0.24184530E+01-0.34215342E+01 
     0.13058860E+01 0.45590146E-01-0.16609327E+00 0.33048122E-02-0.72956674E-02 
     0.28725043E+00-0.21955926E+00 0.83255722E-03-0.59020167E-02-0.39532904E-02 
     0.23081604E-02-0.79259448E-02 0.14522870E-01-0.16112820E+00 0.59496468E-01 
    -0.55426898E-01 0.41440366E+00-0.16124744E-01 0.26198355E-01 0.17067904E+00 
    -0.28484953E+00 0.22033840E+00-0.28947577E+00 0.60294500E-01-0.53297271E-01 
     0.48447426E-01 0.22702480E-01 0.61289145E+00 
 iteration =    30  func evals =    140  llf =  0.30838713E+03 
     0.16697892E+02 0.61812240E+00-0.44360084E+00 0.24864230E+01-0.35960472E+01 
     0.23768521E+01 0.49870387E-01-0.18274496E+00 0.73535488E-02-0.10520301E-01 
     0.31145718E+00-0.12658594E+00 0.77167684E-03-0.45854391E-02-0.34751728E-02 
     0.22615287E-02-0.82874535E-02 0.12969553E-01-0.13904331E+00 0.49614782E-01 
     0.29230466E-02 0.39600932E+00-0.12648732E-01 0.34712432E-01 0.12617807E+00 




    -0.41100216E+00 0.19202416E-01 0.67699047E+00 
 iteration =    35  func evals =    190  llf =  0.33959168E+03 
     0.14014411E+02-0.80873869E+00-0.41960590E+00 0.27787969E+01-0.31415198E+01 
     0.29037814E+01 0.45481531E-01-0.97194903E-01 0.16024286E-01-0.31834164E-01 
     0.29033136E+00 0.57814756E-01 0.80710859E-03-0.34518210E-02-0.29459300E-02 
     0.41766888E-02-0.88477990E-02 0.10305274E-01-0.10919435E+00 0.51616184E-01 
     0.15196621E+00 0.11856906E+00-0.98278291E-02 0.26023954E-01 0.86776252E-01 
    -0.28922577E+00 0.23281114E+00-0.50096024E+00 0.30842742E+01-0.77572666E-01 
    -0.61749223E+00 0.20182739E-01 0.73274832E+00 
 iteration =    40  func evals =    274  llf =  0.34602150E+03 
     0.82226119E+01-0.83334233E+00-0.17529899E+00 0.25743195E+01-0.18080334E+01 
     0.18433669E+01 0.38501858E-01-0.50549019E-01 0.18039053E-01-0.24177478E-01 
     0.21325610E+00 0.36766790E-02 0.85357967E-03-0.57058287E-02-0.23635679E-02 
     0.35476467E-02-0.86525561E-02 0.12118465E-01-0.81222290E-01 0.48725076E-01 
     0.11754655E+00 0.84521795E-01-0.95684440E-02-0.73573717E-02 0.87379505E-01 
    -0.26410882E+00 0.19818434E+00-0.33890919E+00 0.46968698E+01-0.64926458E-01 
    -0.99189725E+00 0.14817824E-01 0.61779387E+00 
 iteration =    45  func evals =    347  llf =  0.35452147E+03 
     0.10332094E+01-0.23412261E+01-0.59923135E+00 0.31645614E+01-0.18981130E+00 
     0.18032156E+01 0.25602759E-01-0.38498555E-01 0.20793558E-01-0.26761882E-01 
     0.11924717E+00 0.10222074E+00 0.87775021E-03-0.51329357E-02-0.34781673E-02 
     0.59782246E-02-0.71642157E-02 0.89563448E-02-0.99895218E-01 0.69483110E-01 
     0.29821307E+00-0.69821467E-01-0.10945094E-01 0.45380641E-01 0.54733457E-01 
    -0.32066541E+00 0.21463214E+00-0.35581786E+00 0.66982501E+01-0.62997922E-01 
    -0.14565663E+01 0.14747585E-01 0.60814557E+00 
 iteration =    50  func evals =    398  llf =  0.35613524E+03 
    -0.40949796E+00-0.24963001E+01-0.58748897E+00 0.31038502E+01 0.17934927E+00 
     0.16616000E+01 0.22396506E-01-0.34577746E-01 0.20752144E-01-0.24620331E-01 
     0.95918605E-01 0.97429849E-01 0.88905767E-03-0.55831346E-02-0.34251006E-02 
     0.59293766E-02-0.68286637E-02 0.89828647E-02-0.10072919E+00 0.73806823E-01 
     0.31188781E+00-0.83271783E-01-0.12202391E-01 0.43801749E-01 0.58490300E-01 
    -0.31390476E+00 0.20277493E+00-0.33193874E+00 0.71921009E+01-0.59717519E-01 
    -0.15745097E+01 0.14137136E-01 0.57901931E+00 
 iteration =    55  func evals =    452  llf =  0.35635222E+03 
    -0.98601731E+00-0.25014460E+01-0.58033675E+00 0.30609310E+01 0.32851970E+00 
     0.15813287E+01 0.22800657E-01-0.37386557E-01 0.20967385E-01-0.23733662E-01 
     0.86458188E-01 0.90726412E-01 0.88736544E-03-0.56152059E-02-0.33929152E-02 
     0.59300305E-02-0.68514294E-02 0.89574935E-02-0.98141188E-01 0.71209454E-01 
     0.31126454E+00-0.77559685E-01-0.12151640E-01 0.42821486E-01 0.56440427E-01 
    -0.30996881E+00 0.20076205E+00-0.31873414E+00 0.72457127E+01-0.59574759E-01 
    -0.15864197E+01 0.14113498E-01 0.57535953E+00 
 iteration =    60  func evals =    482  llf =  0.35635223E+03 
    -0.98676189E+00-0.25013793E+01-0.58032702E+00 0.30608568E+01 0.32872158E+00 
     0.15811761E+01 0.22801986E-01-0.37393486E-01 0.20967890E-01-0.23732050E-01 
     0.86445064E-01 0.90711536E-01 0.88736038E-03-0.56151760E-02-0.33928435E-02 
     0.59300280E-02-0.68515126E-02 0.89573874E-02-0.98135736E-01 0.71202334E-01 
     0.31125603E+00-0.77541136E-01-0.12151382E-01 0.42820057E-01 0.56435207E-01 
    -0.30996249E+00 0.20076127E+00-0.31871051E+00 0.72457468E+01-0.59574753E-01 
    -0.15864269E+01 0.14113502E-01 0.57535954E+00 
 
 
the final mle estimates are : 
 
                 coefficient     standard-error    t-ratio 
 
  beta 0        -0.98676189E+00  0.27989742E+01 -0.35254412E+00 
  beta 1        -0.25013793E+01  0.71295596E+00 -0.35084626E+01 
  beta 2        -0.58032702E+00  0.27132849E+00 -0.21388356E+01 
  beta 3         0.30608568E+01  0.45972282E+00  0.66580484E+01 




  beta 5         0.15811761E+01  0.77761312E+00  0.20333712E+01 
  beta 6         0.22801986E-01  0.24106365E-01  0.94589068E+00 
  beta 7        -0.37393486E-01  0.39740541E-01 -0.94094055E+00 
  beta 8         0.20967890E-01  0.74347439E-02  0.28202572E+01 
  beta 9        -0.23732050E-01  0.12144337E-01 -0.19541659E+01 
  beta10         0.86445064E-01  0.44748170E-01  0.19318123E+01 
  beta11         0.90711536E-01  0.78416019E-01  0.11567985E+01 
  beta12         0.88736038E-03  0.97281232E-04  0.91215989E+01 
  beta13        -0.56151760E-02  0.13763429E-02 -0.40797797E+01 
  beta14        -0.33928435E-02  0.10365146E-02 -0.32733196E+01 
  beta15         0.59300280E-02  0.11468644E-02  0.51706444E+01 
  beta16        -0.68515126E-02  0.31259659E-02 -0.21918066E+01 
  beta17         0.89573874E-02  0.28870919E-02  0.31025640E+01 
  beta18        -0.98135736E-01  0.22687960E-01 -0.43254544E+01 
  beta19         0.71202334E-01  0.30896914E-01  0.23045128E+01 
  beta20         0.31125603E+00  0.83698087E-01  0.37187950E+01 
  beta21        -0.77541136E-01  0.99043004E-01 -0.78290372E+00 
  beta22        -0.12151382E-01  0.12923552E-01 -0.94025095E+00 
  beta23         0.42820057E-01  0.34888669E-01  0.12273342E+01 
  beta24         0.56435207E-01  0.32380219E-01  0.17428915E+01 
  beta25        -0.30996249E+00  0.49721394E-01 -0.62339863E+01 
  beta26         0.20076127E+00  0.41554933E-01  0.48312259E+01 
  beta27        -0.31871051E+00  0.92206007E-01 -0.34565049E+01 
  delta 0        0.72457468E+01  0.89000442E+00  0.81412482E+01 
  delta 1       -0.59574753E-01  0.47103345E-02 -0.12647669E+02 
  delta 2       -0.15864269E+01  0.20841002E+00 -0.76120474E+01 
  sigma-squared  0.14113502E-01  0.12608734E-02  0.11193433E+02 
  gamma          0.57535954E+00  0.57002977E-01  0.10093500E+02 
 
log likelihood function =   0.35635223E+03 
 
LR test of the one-sided error =   0.19947074E+03 
with number of restrictions = 4 
 [note that this statistic has a mixed chi-square distribution] 
 
number of iterations =     60 
 
(maximum number of iterations set at :   100) 
 
number of cross-sections =     14 
 
number of time periods =     31 
 
total number of observations =    434 
 
thus there are:      0  obsns not in the panel 
 
 
covariance matrix : 
 
  0.78342564E+01  0.10815638E+01  0.17511509E+00 -0.26551965E+00 
-0.17989204E+01 
  0.52214724E+00  0.10102699E-01 -0.21876997E-01 -0.27555578E-02 -0.17063575E-02 
  0.10547966E+00 -0.38847057E-01 -0.31444417E-04  0.66287808E-03  0.40990723E-03 
 -0.12075578E-02 -0.10046588E-02  0.12393733E-02  0.71340951E-04 -0.13130011E-01 
 -0.11371550E+00  0.11575366E+00  0.14283638E-02 -0.20839464E-01  0.21840268E-01 
  0.22978232E-01  0.60285672E-02 -0.65448826E-01 -0.19305737E+01 -0.42441958E-02 
  0.44781164E+00  0.11019073E-02  0.36048936E-01 





 -0.32682348E+00 -0.45441536E-04 -0.50779712E-02 -0.99145225E-03 -0.13218558E-03 
  0.15857975E-01 -0.45261445E-01 -0.52960081E-06  0.29117778E-03 -0.27048024E-04 
 -0.74549151E-04  0.96931278E-04 -0.23108691E-03  0.30883742E-02 -0.75078261E-02 
 -0.57487994E-01  0.52212939E-01  0.26341186E-02 -0.98139982E-02  0.62611894E-02 
 -0.54436831E-02  0.98003216E-02  0.38543536E-01 -0.30181737E+00 -0.37998434E-03 
  0.69944148E-01  0.11754899E-03  0.63280083E-03 
  0.17511509E+00  0.76417075E-01  0.73619147E-01 -0.18505514E-01 -0.57450143E-01 
 -0.82119661E-01 -0.17895632E-02  0.15004564E-03  0.22095870E-03 -0.46519873E-03 
  0.42641576E-02 -0.10430759E-01 -0.35792047E-05  0.21017941E-04  0.55313966E-04 
 -0.66252876E-04  0.24195963E-03 -0.22570701E-03  0.18754381E-02 -0.19364781E-02 
 -0.95856808E-02  0.69122884E-02  0.23522521E-03 -0.92472739E-02  0.55070030E-02 
  0.24356693E-02  0.16669775E-03  0.95467980E-02 -0.69252320E-01 -0.14259710E-03 
  0.16320747E-01  0.32707470E-04 -0.27154998E-03 
 -0.26551965E+00  0.24359287E-01 -0.18505514E-01  0.21134507E+00 -0.19446215E-02 
 -0.16887221E+00 -0.13697232E-02  0.48412201E-02 -0.56528091E-04 -0.21346378E-02 
  0.33120882E-02 -0.29549158E-02  0.10193372E-04  0.12464847E-03 -0.14524860E-03 
  0.28040088E-03  0.12497373E-03 -0.33000132E-03 -0.48954327E-03  0.20414911E-02 
 -0.30388094E-02 -0.65055461E-02  0.14985877E-02  0.23303201E-02 -0.26686208E-02 
 -0.21689169E-01  0.14472909E-01  0.11278287E-01  0.92851043E-01  0.24007520E-03 
 -0.21683824E-01 -0.57322274E-04 -0.15934211E-02 
 -0.17989204E+01 -0.25706812E+00 -0.57450143E-01 -0.19446215E-02  0.45575534E+00 
 -0.92545216E-01 -0.26273504E-02  0.33541023E-02  0.65599414E-03  0.10537778E-02 
 -0.29107853E-01  0.94083320E-02  0.73993984E-05 -0.20293697E-03 -0.96157476E-04 
  0.23877882E-03  0.29594243E-03 -0.27535316E-03 -0.49302515E-03  0.20948662E-02 
  0.28435108E-01 -0.25458101E-01 -0.79330445E-03  0.67857744E-02 -0.57142117E-02 
  0.12989963E-02 -0.58684569E-02  0.15436642E-01  0.44266156E+00  0.10119816E-02 
 -0.10282490E+00 -0.25435214E-03 -0.83498729E-02 
  0.52214724E+00 -0.32682348E+00 -0.82119661E-01 -0.16887221E+00 -0.92545216E-01 
  0.60468216E+00  0.51163283E-02 -0.40578687E-02  0.95615108E-04  0.20764433E-02 
  0.42446833E-02  0.44897159E-01 -0.12381227E-04 -0.19291734E-03  0.15743569E-03 
 -0.30341329E-03 -0.67141708E-03  0.93590935E-03 -0.34389828E-02  0.55764412E-02 
  0.37592180E-01 -0.22409918E-01 -0.27349132E-02  0.10878012E-01 -0.51335639E-02 
  0.17244840E-01 -0.15338501E-01 -0.67811122E-01 -0.89217023E-01 -0.61021325E-03 
  0.20890252E-01  0.11989464E-03  0.87576660E-02 
  0.10102699E-01 -0.45441536E-04 -0.17895632E-02 -0.13697232E-02 -0.26273504E-02 
  0.51163283E-02  0.58111682E-03  0.11377063E-03 -0.18207214E-04  0.28747819E-04 
  0.16672864E-03  0.39996663E-03 -0.25894600E-06  0.38141370E-05  0.70241128E-05 
 -0.61329631E-05 -0.72720498E-04  0.57336386E-04 -0.32924839E-04  0.39915575E-04 
 -0.23198706E-04 -0.13770983E-03 -0.85711330E-04  0.25491425E-03 -0.10946152E-03 
  0.17329834E-03 -0.10936257E-03 -0.64355417E-03 -0.41866271E-02 -0.99944591E-05 
  0.98671524E-03  0.99273441E-06  0.61629094E-04 
 -0.21876997E-01 -0.50779712E-02  0.15004564E-03  0.48412201E-02  0.33541023E-02 
 -0.40578687E-02  0.11377063E-03  0.15793106E-02 -0.55520497E-04 -0.32832755E-04 
 -0.13198929E-03  0.10890546E-02  0.46721405E-06  0.38792226E-05  0.51687932E-05 
  0.95809547E-05 -0.23432127E-04  0.45120613E-05 -0.28301164E-03  0.69938795E-03 
  0.37353201E-03 -0.29086921E-02 -0.12077668E-03  0.43286717E-04  0.39715472E-03 
 -0.31752371E-03 -0.33204738E-03  0.21573356E-03  0.60668122E-02  0.12349170E-04 
 -0.13917393E-02 -0.26412210E-05 -0.24075929E-03 
 -0.27555578E-02 -0.99145225E-03  0.22095870E-03 -0.56528091E-04  0.65599414E-03 
  0.95615108E-04 -0.18207214E-04 -0.55520497E-04  0.55275417E-04  0.10120887E-04 
 -0.36308540E-04  0.74819324E-04 -0.73696312E-07 -0.35027964E-06 -0.37616957E-06 
 -0.83310884E-09  0.37952307E-05 -0.40982818E-05  0.72244032E-04 -0.43225688E-04 
  0.13096657E-03 -0.83342663E-04 -0.40109131E-04 -0.62787207E-04 -0.74644008E-04 
  0.24289000E-04  0.26596239E-04 -0.38471090E-05  0.11501563E-02 -0.24607744E-05 
 -0.26336673E-03  0.44989827E-07  0.67979330E-04 
 -0.17063575E-02 -0.13218558E-03 -0.46519873E-03 -0.21346378E-02  0.10537778E-02 
  0.20764433E-02  0.28747819E-04 -0.32832755E-04  0.10120887E-04  0.14748493E-03 
 -0.64652994E-04 -0.72469226E-05 -0.19780986E-06 -0.23647928E-06  0.13266737E-05 
 -0.18171672E-05 -0.32229632E-05  0.35466522E-05 -0.47097919E-04  0.19665926E-03 




  0.93449401E-04 -0.30941174E-03 -0.24561664E-04  0.11509954E-02  0.99964285E-05 
 -0.28840468E-03 -0.10041313E-05 -0.72872703E-04 
  0.10547966E+00  0.15857975E-01  0.42641576E-02  0.33120882E-02 -0.29107853E-01 
  0.42446833E-02  0.16672864E-03 -0.13198929E-03 -0.36308540E-04 -0.64652994E-04 
  0.20023987E-02 -0.63957192E-03 -0.45796205E-06  0.15465487E-04  0.61351272E-05 
 -0.11168198E-04 -0.21820910E-04  0.16133893E-04  0.76685790E-04 -0.26988524E-04 
 -0.18890872E-02  0.15288990E-02  0.81157825E-04 -0.52156448E-03  0.37110366E-03 
 -0.46739055E-03  0.55384080E-03 -0.90408449E-03 -0.25892263E-01 -0.57071856E-04 
  0.60140646E-02  0.14696630E-04  0.44126266E-03 
 -0.38847057E-01 -0.45261445E-01 -0.10430759E-01 -0.29549158E-02  0.94083320E-02 
  0.44897159E-01  0.39996663E-03  0.10890546E-02  0.74819324E-04 -0.72469226E-05 
 -0.63957192E-03  0.61490720E-02 -0.75376695E-08 -0.17588303E-04  0.92818494E-05 
 -0.27375446E-05 -0.58122843E-04  0.57288727E-04 -0.47100226E-03  0.88693912E-03 
  0.54503031E-02 -0.62948945E-02 -0.36951204E-03  0.13924869E-02 -0.74974600E-03 
  0.70459051E-03 -0.10888528E-02 -0.57898781E-02  0.16290278E-01 -0.27078407E-04 
 -0.37278991E-02 -0.77907925E-06  0.72993459E-03 
 -0.31444417E-04 -0.52960081E-06 -0.35792047E-05  0.10193372E-04  0.73993984E-05 
 -0.12381227E-04 -0.25894600E-06  0.46721405E-06 -0.73696312E-07 -0.19780986E-06 
 -0.45796205E-06 -0.75376695E-08  0.94636381E-08  0.12109843E-07 -0.16655029E-07 
  0.25563474E-07 -0.25020730E-08 -0.16318036E-07 -0.29522892E-06  0.86442155E-07 
  0.32508461E-06 -0.96172667E-06  0.13030936E-06  0.43611673E-06 -0.16150057E-08 
 -0.91887422E-06  0.56417244E-06  0.95219083E-06  0.82848279E-05  0.59523896E-07 
 -0.19706160E-05 -0.11266927E-07 -0.71890906E-06 
  0.66287808E-03  0.29117778E-03  0.21017941E-04  0.12464847E-03 -0.20293697E-03 
 -0.19291734E-03  0.38141370E-05  0.38792226E-05 -0.35027964E-06 -0.23647928E-06 
  0.15465487E-04 -0.17588303E-04  0.12109843E-07  0.18943199E-05 -0.34679442E-07 
  0.40464886E-06 -0.55858850E-06 -0.13645571E-05  0.79179971E-06  0.36658782E-05 
 -0.38455594E-04  0.18952708E-04  0.38228131E-05 -0.31003180E-05 -0.69980360E-06 
 -0.17081136E-04  0.79350192E-05  0.21934030E-04 -0.17235150E-03 -0.44171442E-06 
  0.40425128E-04  0.23661606E-07  0.51873138E-05 
  0.40990723E-03 -0.27048024E-04  0.55313966E-04 -0.14524860E-03 -0.96157476E-04 
  0.15743569E-03  0.70241128E-05  0.51687932E-05 -0.37616957E-06  0.13266737E-05 
  0.61351272E-05  0.92818494E-05 -0.16655029E-07 -0.34679442E-07  0.10743625E-05 
 -0.66102391E-06 -0.11983706E-05  0.65729003E-06  0.12887862E-05  0.75047177E-06 
  0.16225584E-05 -0.10982159E-04 -0.43612490E-05 -0.65385361E-05  0.72264433E-05 
  0.17235423E-04 -0.96418512E-05 -0.17321865E-04 -0.17690113E-03 -0.71298054E-06 
  0.42330366E-04  0.13200466E-06  0.27957465E-05 
 -0.12075578E-02 -0.74549151E-04 -0.66252876E-04  0.28040088E-03  0.23877882E-03 
 -0.30341329E-03 -0.61329631E-05  0.95809547E-05 -0.83310884E-09 -0.18171672E-05 
 -0.11168198E-04 -0.27375446E-05  0.25563474E-07  0.40464886E-06 -0.66102391E-06 
  0.13152980E-05  0.50772394E-06 -0.11529980E-05  0.22286502E-05  0.49247183E-05 
  0.42279838E-05 -0.21822452E-04  0.45468638E-05  0.69143672E-05 -0.90184633E-05 
 -0.31565172E-04  0.14274765E-04  0.32410999E-04  0.46091583E-03  0.12256600E-05 
 -0.10814611E-03 -0.26507657E-06 -0.62094925E-05 
 -0.10046588E-02  0.96931278E-04  0.24195963E-03  0.12497373E-03  0.29594243E-03 
 -0.67141708E-03 -0.72720498E-04 -0.23432127E-04  0.37952307E-05 -0.32229632E-05 
 -0.21820910E-04 -0.58122843E-04 -0.25020730E-08 -0.55858850E-06 -0.11983706E-05 
  0.50772394E-06  0.97716627E-05 -0.74963181E-05  0.43183277E-05 -0.10463760E-04 
 -0.26927794E-05  0.36210840E-04  0.99458300E-05 -0.33553811E-04  0.11477456E-04 
 -0.16286504E-04  0.14508073E-04  0.85752773E-04  0.44999637E-03  0.70886072E-06 
 -0.10596688E-03 -0.42496822E-07  0.23694929E-06 
  0.12393733E-02 -0.23108691E-03 -0.22570701E-03 -0.33000132E-03 -0.27535316E-03 
  0.93590935E-03  0.57336386E-04  0.45120613E-05 -0.40982818E-05  0.35466522E-05 
  0.16133893E-04  0.57288727E-04 -0.16318036E-07 -0.13645571E-05  0.65729003E-06 
 -0.11529980E-05 -0.74963181E-05  0.83352994E-05 -0.73945174E-05  0.41186144E-05 
  0.23889768E-04 -0.13447615E-04 -0.93094309E-05  0.31749130E-04 -0.62532695E-05 
  0.38034036E-04 -0.24792631E-04 -0.11136978E-03 -0.56909585E-03 -0.40769121E-06 
  0.13234813E-03  0.12009026E-06 -0.65320846E-05 
  0.71340951E-04  0.30883742E-02  0.18754381E-02 -0.48954327E-03 -0.49302515E-03 




  0.76685790E-04 -0.47100226E-03 -0.29522892E-06  0.79179971E-06  0.12887862E-05 
  0.22286502E-05  0.43183277E-05 -0.73945174E-05  0.51474352E-03 -0.40473663E-03 
 -0.46348322E-03  0.61531541E-03  0.10703277E-03 -0.32859038E-03 -0.34981379E-03 
  0.26495732E-04  0.27473474E-03  0.57880755E-03 -0.10044834E-02 -0.25265165E-04 
  0.28887667E-03  0.25787126E-05  0.21462035E-03 
 -0.13130011E-01 -0.75078261E-02 -0.19364781E-02  0.20414911E-02  0.20948662E-02 
  0.55764412E-02  0.39915575E-04  0.69938795E-03 -0.43225688E-04  0.19665926E-03 
 -0.26988524E-04  0.88693912E-03  0.86442155E-07  0.36658782E-05  0.75047177E-06 
  0.49247183E-05 -0.10463760E-04  0.41186144E-05 -0.40473663E-03  0.95461932E-03 
  0.51060961E-03 -0.15375911E-02 -0.92009969E-04  0.28396076E-03  0.25510193E-03 
 -0.38596762E-03 -0.59880389E-03 -0.53115910E-03  0.48972378E-02  0.29243710E-04 
 -0.11828652E-02 -0.34398731E-05 -0.28029671E-03 
 -0.11371550E+00 -0.57487994E-01 -0.95856808E-02 -0.30388094E-02  0.28435108E-01 
  0.37592180E-01 -0.23198706E-04  0.37353201E-03  0.13096657E-03 -0.10294743E-03 
 -0.18890872E-02  0.54503031E-02  0.32508461E-06 -0.38455594E-04  0.16225584E-05 
  0.42279838E-05 -0.26927794E-05  0.23889768E-04 -0.46348322E-03  0.51060961E-03 
  0.70053698E-02 -0.60066308E-02 -0.36637184E-03  0.12587947E-02 -0.74572495E-03 
  0.84086077E-03 -0.86259091E-03 -0.48043339E-02  0.32567702E-01  0.36227849E-04 
 -0.75537729E-02 -0.13140662E-04  0.13054001E-03 
  0.11575366E+00  0.52212939E-01  0.69122884E-02 -0.65055461E-02 -0.25458101E-01 
 -0.22409918E-01 -0.13770983E-03 -0.29086921E-02 -0.83342663E-04  0.11858145E-03 
  0.15288990E-02 -0.62948945E-02 -0.96172667E-06  0.18952708E-04 -0.10982159E-04 
 -0.21822452E-04  0.36210840E-04 -0.13447615E-04  0.61531541E-03 -0.15375911E-02 
 -0.60066308E-02  0.98095167E-02  0.47880529E-03 -0.95083898E-03  0.14482060E-03 
  0.37903118E-05  0.11209470E-02  0.33767323E-02 -0.33373362E-01 -0.28751397E-04 
  0.76910757E-02  0.12690673E-04  0.11589445E-04 
  0.14283638E-02  0.26341186E-02  0.23522521E-03  0.14985877E-02 -0.79330445E-03 
 -0.27349132E-02 -0.85711330E-04 -0.12077668E-03 -0.40109131E-04 -0.55861432E-04 
  0.81157825E-04 -0.36951204E-03  0.13030936E-06  0.38228131E-05 -0.43612490E-05 
  0.45468638E-05  0.99458300E-05 -0.93094309E-05  0.10703277E-03 -0.92009969E-04 
 -0.36637184E-03  0.47880529E-03  0.16701820E-03 -0.38870480E-04 -0.10207149E-03 
 -0.22136019E-03  0.17939677E-03  0.36051822E-03 -0.10845050E-02 -0.35638306E-05 
  0.26124846E-03  0.76679624E-06 -0.19355894E-04 
 -0.20839464E-01 -0.98139982E-02 -0.92472739E-02  0.23303201E-02  0.67857744E-02 
  0.10878012E-01  0.25491425E-03  0.43286717E-04 -0.62787207E-04  0.50027192E-04 
 -0.52156448E-03  0.13924869E-02  0.43611673E-06 -0.31003180E-05 -0.65385361E-05 
  0.69143672E-05 -0.33553811E-04  0.31749130E-04 -0.32859038E-03  0.28396076E-03 
  0.12587947E-02 -0.95083898E-03 -0.38870480E-04  0.12172192E-02 -0.62020834E-03 
 -0.28741250E-03 -0.50697209E-04 -0.13292055E-02  0.83946807E-02  0.17946055E-04 
 -0.19799868E-02 -0.41391366E-05  0.34469240E-04 
  0.21840268E-01  0.62611894E-02  0.55070030E-02 -0.26686208E-02 -0.57142117E-02 
 -0.51335639E-02 -0.10946152E-03  0.39715472E-03 -0.74644008E-04  0.35254882E-04 
  0.37110366E-03 -0.74974600E-03 -0.16150057E-08 -0.69980360E-06  0.72264433E-05 
 -0.90184633E-05  0.11477456E-04 -0.62532695E-05 -0.34981379E-03  0.25510193E-03 
 -0.74572495E-03  0.14482060E-03 -0.10207149E-03 -0.62020834E-03  0.10484786E-02 
  0.32707208E-03 -0.38624816E-03  0.50367565E-03 -0.76901905E-02  0.18971471E-04 
  0.17406421E-02  0.79614718E-07 -0.39228526E-03 
  0.22978232E-01 -0.54436831E-02  0.24356693E-02 -0.21689169E-01  0.12989963E-02 
  0.17244840E-01  0.17329834E-03 -0.31752371E-03  0.24289000E-04  0.93449401E-04 
 -0.46739055E-03  0.70459051E-03 -0.91887422E-06 -0.17081136E-04  0.17235423E-04 
 -0.31565172E-04 -0.16286504E-04  0.38034036E-04  0.26495732E-04 -0.38596762E-03 
  0.84086077E-03  0.37903118E-05 -0.22136019E-03 -0.28741250E-03  0.32707208E-03 
  0.24722171E-02 -0.14259560E-02 -0.13835244E-02 -0.88940008E-02 -0.34501369E-04 
  0.21052230E-02  0.60619711E-05  0.26130909E-03 
  0.60285672E-02  0.98003216E-02  0.16669775E-03  0.14472909E-01 -0.58684569E-02 
 -0.15338501E-01 -0.10936257E-03 -0.33204738E-03  0.26596239E-04 -0.30941174E-03 
  0.55384080E-03 -0.10888528E-02  0.56417244E-06  0.79350192E-05 -0.96418512E-05 
  0.14274765E-04  0.14508073E-04 -0.24792631E-04  0.27473474E-03 -0.59880389E-03 
 -0.86259091E-03  0.11209470E-02  0.17939677E-03 -0.50697209E-04 -0.38624816E-03 




  0.30559171E-03  0.55009313E-06  0.14026540E-03 
 -0.65448826E-01  0.38543536E-01  0.95467980E-02  0.11278287E-01  0.15436642E-01 
 -0.67811122E-01 -0.64355417E-03  0.21573356E-03 -0.38471090E-05 -0.24561664E-04 
 -0.90408449E-03 -0.57898781E-02  0.95219083E-06  0.21934030E-04 -0.17321865E-04 
  0.32410999E-04  0.85752773E-04 -0.11136978E-03  0.57880755E-03 -0.53115910E-03 
 -0.48043339E-02  0.33767323E-02  0.36051822E-03 -0.13292055E-02  0.50367565E-03 
 -0.13835244E-02  0.10347355E-02  0.85019477E-02  0.10380022E-01  0.70855276E-04 
 -0.24240795E-02 -0.12937954E-04 -0.11057337E-02 
 -0.19305737E+01 -0.30181737E+00 -0.69252320E-01  0.92851043E-01  0.44266156E+00 
 -0.89217023E-01 -0.41866271E-02  0.60668122E-02  0.11501563E-02  0.11509954E-02 
 -0.25892263E-01  0.16290278E-01  0.82848279E-05 -0.17235150E-03 -0.17690113E-03 
  0.46091583E-03  0.44999637E-03 -0.56909585E-03 -0.10044834E-02  0.48972378E-02 
  0.32567702E-01 -0.33373362E-01 -0.10845050E-02  0.83946807E-02 -0.76901905E-02 
 -0.88940008E-02 -0.12564202E-02  0.10380022E-01  0.79210786E+00  0.15453842E-02 
 -0.18536926E+00 -0.30337037E-03 -0.54552898E-02 
 -0.42441958E-02 -0.37998434E-03 -0.14259710E-03  0.24007520E-03  0.10119816E-02 
 -0.61021325E-03 -0.99944591E-05  0.12349170E-04 -0.24607744E-05  0.99964285E-05 
 -0.57071856E-04 -0.27078407E-04  0.59523896E-07 -0.44171442E-06 -0.71298054E-06 
  0.12256600E-05  0.70886072E-06 -0.40769121E-06 -0.25265165E-04  0.29243710E-04 
  0.36227849E-04 -0.28751397E-04 -0.35638306E-05  0.17946055E-04  0.18971471E-04 
 -0.34501369E-04 -0.95990199E-05  0.70855276E-04  0.15453842E-02  0.22187251E-04 
 -0.38657865E-03 -0.43679820E-05 -0.21996909E-03 
  0.44781164E+00  0.69944148E-01  0.16320747E-01 -0.21683824E-01 -0.10282490E+00 
  0.20890252E-01  0.98671524E-03 -0.13917393E-02 -0.26336673E-03 -0.28840468E-03 
  0.60140646E-02 -0.37278991E-02 -0.19706160E-05  0.40425128E-04  0.42330366E-04 
 -0.10814611E-03 -0.10596688E-03  0.13234813E-03  0.28887667E-03 -0.11828652E-02 
 -0.75537729E-02  0.76910757E-02  0.26124846E-03 -0.19799868E-02  0.17406421E-02 
  0.21052230E-02  0.30559171E-03 -0.24240795E-02 -0.18536926E+00 -0.38657865E-03 
  0.43434735E-01  0.73613759E-04  0.14960066E-02 
  0.11019073E-02  0.11754899E-03  0.32707470E-04 -0.57322274E-04 -0.25435214E-03 
  0.11989464E-03  0.99273441E-06 -0.26412210E-05  0.44989827E-07 -0.10041313E-05 
  0.14696630E-04 -0.77907925E-06 -0.11266927E-07  0.23661606E-07  0.13200466E-06 
 -0.26507657E-06 -0.42496822E-07  0.12009026E-06  0.25787126E-05 -0.34398731E-05 
 -0.13140662E-04  0.12690673E-04  0.76679624E-06 -0.41391366E-05  0.79614718E-07 
  0.60619711E-05  0.55009313E-06 -0.12937954E-04 -0.30337037E-03 -0.43679820E-05 
  0.73613759E-04  0.15898017E-05  0.29963926E-04 
  0.36048936E-01  0.63280083E-03 -0.27154998E-03 -0.15934211E-02 -0.83498729E-02 
  0.87576660E-02  0.61629094E-04 -0.24075929E-03  0.67979330E-04 -0.72872703E-04 
  0.44126266E-03  0.72993459E-03 -0.71890906E-06  0.51873138E-05  0.27957465E-05 
 -0.62094925E-05  0.23694929E-06 -0.65320846E-05  0.21462035E-03 -0.28029671E-03 
  0.13054001E-03  0.11589445E-04 -0.19355894E-04  0.34469240E-04 -0.39228526E-03 
  0.26130909E-03  0.14026540E-03 -0.11057337E-02 -0.54552898E-02 -0.21996909E-03 




technical efficiency estimates : 
 
 
     firm  year             eff.-est. 
 
       1     1           0.93519260E+00 
       2     1           0.60179353E+00 
       3     1           0.68652400E+00 
       4     1           0.93079572E+00 
       5     1           0.63709028E+00 
       6     1           0.48208497E+00 
       7     1           0.49583789E+00 
       8     1           0.40388452E+00 




      10     1           0.73790817E+00 
      11     1           0.53145544E+00 
      12     1           0.63923089E+00 
      13     1           0.91428985E+00 
      14     1           0.76687789E+00 
       1     2           0.84058841E+00 
       2     2           0.67108540E+00 
       3     2           0.69198504E+00 
       4     2           0.96714977E+00 
       5     2           0.66180556E+00 
       6     2           0.47808226E+00 
       7     2           0.51159878E+00 
       8     2           0.43504941E+00 
       9     2           0.45474039E+00 
      10     2           0.73759194E+00 
      11     2           0.54918242E+00 
      12     2           0.67620556E+00 
      13     2           0.91860263E+00 
      14     2           0.78015408E+00 
       1     3           0.90636226E+00 
       2     3           0.67348772E+00 
       3     3           0.68426153E+00 
       4     3           0.97687118E+00 
       5     3           0.69926495E+00 
       6     3           0.51005415E+00 
       7     3           0.52589687E+00 
       8     3           0.44488853E+00 
       9     3           0.50357789E+00 
      10     3           0.78067295E+00 
      11     3           0.57951678E+00 
      12     3           0.68869343E+00 
      13     3           0.94320405E+00 
      14     3           0.73450200E+00 
       1     4           0.94330029E+00 
       2     4           0.64117899E+00 
       3     4           0.70595075E+00 
       4     4           0.98259728E+00 
       5     4           0.69129005E+00 
       6     4           0.53547906E+00 
       7     4           0.52224325E+00 
       8     4           0.45806248E+00 
       9     4           0.50620358E+00 
      10     4           0.77447344E+00 
      11     4           0.67221089E+00 
      12     4           0.67544018E+00 
      13     4           0.95325730E+00 
      14     4           0.73264098E+00 
       1     5           0.92751903E+00 
       2     5           0.69026994E+00 
       3     5           0.72384064E+00 
       4     5           0.97628509E+00 
       5     5           0.72603190E+00 
       6     5           0.55874405E+00 
       7     5           0.52912725E+00 
       8     5           0.44175744E+00 
       9     5           0.52089917E+00 
      10     5           0.76142261E+00 
      11     5           0.45122985E+00 
      12     5           0.67307809E+00 




      14     5           0.73468302E+00 
       1     6           0.93524696E+00 
       2     6           0.71835749E+00 
       3     6           0.74571769E+00 
       4     6           0.98043737E+00 
       5     6           0.75147009E+00 
       6     6           0.53396396E+00 
       7     6           0.54454983E+00 
       8     6           0.47859814E+00 
       9     6           0.54305981E+00 
      10     6           0.77202034E+00 
      11     6           0.50720869E+00 
      12     6           0.68990688E+00 
      13     6           0.96117564E+00 
      14     6           0.72408778E+00 
       1     7           0.93817546E+00 
       2     7           0.74963869E+00 
       3     7           0.72162606E+00 
       4     7           0.98381725E+00 
       5     7           0.77194252E+00 
       6     7           0.55693439E+00 
       7     7           0.55033216E+00 
       8     7           0.50470943E+00 
       9     7           0.54439018E+00 
      10     7           0.76768959E+00 
      11     7           0.51349008E+00 
      12     7           0.71321537E+00 
      13     7           0.95248287E+00 
      14     7           0.77693260E+00 
       1     8           0.94402568E+00 
       2     8           0.70529396E+00 
       3     8           0.73190133E+00 
       4     8           0.98363525E+00 
       5     8           0.82206092E+00 
       6     8           0.56172784E+00 
       7     8           0.54293106E+00 
       8     8           0.51154071E+00 
       9     8           0.51819939E+00 
      10     8           0.79453762E+00 
      11     8           0.49135311E+00 
      12     8           0.73042464E+00 
      13     8           0.95052723E+00 
      14     8           0.71155254E+00 
       1     9           0.95195154E+00 
       2     9           0.70882629E+00 
       3     9           0.74429193E+00 
       4     9           0.98565349E+00 
       5     9           0.80141302E+00 
       6     9           0.61085195E+00 
       7     9           0.53393354E+00 
       8     9           0.51475912E+00 
       9     9           0.50114424E+00 
      10     9           0.82504642E+00 
      11     9           0.53413339E+00 
      12     9           0.71303205E+00 
      13     9           0.93972110E+00 
      14     9           0.69868687E+00 
       1    10           0.94600461E+00 
       2    10           0.67980643E+00 




       4    10           0.98503133E+00 
       5    10           0.79834007E+00 
       6    10           0.59833969E+00 
       7    10           0.54362844E+00 
       8    10           0.52720045E+00 
       9    10           0.54168663E+00 
      10    10           0.82095233E+00 
      11    10           0.48890081E+00 
      12    10           0.72358662E+00 
      13    10           0.94531159E+00 
      14    10           0.70272986E+00 
       1    11           0.93647558E+00 
       2    11           0.66952869E+00 
       3    11           0.78216943E+00 
       4    11           0.98255318E+00 
       5    11           0.82632062E+00 
       6    11           0.59789760E+00 
       7    11           0.54495609E+00 
       8    11           0.53976337E+00 
       9    11           0.54043456E+00 
      10    11           0.81912956E+00 
      11    11           0.47502048E+00 
      12    11           0.67544633E+00 
      13    11           0.94691365E+00 
      14    11           0.70157505E+00 
       1    12           0.94902904E+00 
       2    12           0.69121604E+00 
       3    12           0.78754144E+00 
       4    12           0.98084674E+00 
       5    12           0.82949496E+00 
       6    12           0.57982927E+00 
       7    12           0.56226729E+00 
       8    12           0.55483066E+00 
       9    12           0.56120053E+00 
      10    12           0.83335195E+00 
      11    12           0.48455157E+00 
      12    12           0.70400727E+00 
      13    12           0.95649323E+00 
      14    12           0.69589431E+00 
       1    13           0.94924248E+00 
       2    13           0.65601678E+00 
       3    13           0.79614319E+00 
       4    13           0.98380509E+00 
       5    13           0.85581688E+00 
       6    13           0.59017172E+00 
       7    13           0.56528292E+00 
       8    13           0.56671720E+00 
       9    13           0.56683244E+00 
      10    13           0.83047277E+00 
      11    13           0.44634965E+00 
      12    13           0.67836870E+00 
      13    13           0.95852786E+00 
      14    13           0.71172195E+00 
       1    14           0.94974786E+00 
       2    14           0.63802785E+00 
       3    14           0.85003286E+00 
       4    14           0.98482951E+00 
       5    14           0.85471166E+00 
       6    14           0.61174137E+00 




       8    14           0.59540897E+00 
       9    14           0.59062248E+00 
      10    14           0.80027750E+00 
      11    14           0.50999852E+00 
      12    14           0.70330786E+00 
      13    14           0.96352810E+00 
      14    14           0.69362578E+00 
       1    15           0.89496055E+00 
       2    15           0.69159926E+00 
       3    15           0.88443898E+00 
       4    15           0.98563649E+00 
       5    15           0.83638378E+00 
       6    15           0.63677429E+00 
       7    15           0.62454360E+00 
       8    15           0.58951331E+00 
       9    15           0.65728161E+00 
      10    15           0.84698401E+00 
      11    15           0.51231288E+00 
      12    15           0.69525253E+00 
      13    15           0.95381033E+00 
      14    15           0.72041555E+00 
       1    16           0.93102228E+00 
       2    16           0.67590516E+00 
       3    16           0.90280729E+00 
       4    16           0.98712739E+00 
       5    16           0.84135990E+00 
       6    16           0.65579444E+00 
       7    16           0.61774942E+00 
       8    16           0.62576220E+00 
       9    16           0.61042536E+00 
      10    16           0.84903198E+00 
      11    16           0.53334714E+00 
      12    16           0.71142347E+00 
      13    16           0.96748932E+00 
      14    16           0.70836476E+00 
       1    17           0.91189698E+00 
       2    17           0.74682038E+00 
       3    17           0.90977381E+00 
       4    17           0.98663695E+00 
       5    17           0.86821221E+00 
       6    17           0.69794371E+00 
       7    17           0.62087053E+00 
       8    17           0.57703220E+00 
       9    17           0.60966135E+00 
      10    17           0.88743804E+00 
      11    17           0.55102114E+00 
      12    17           0.68833899E+00 
      13    17           0.97033421E+00 
      14    17           0.68827441E+00 
       1    18           0.89564345E+00 
       2    18           0.75959295E+00 
       3    18           0.92615414E+00 
       4    18           0.97695113E+00 
       5    18           0.88555528E+00 
       6    18           0.67675155E+00 
       7    18           0.61128539E+00 
       8    18           0.60297726E+00 
       9    18           0.59656003E+00 
      10    18           0.88936505E+00 




      12    18           0.69977262E+00 
      13    18           0.98551559E+00 
      14    18           0.72322684E+00 
       1    19           0.90286855E+00 
       2    19           0.71367244E+00 
       3    19           0.91511988E+00 
       4    19           0.98194570E+00 
       5    19           0.87593912E+00 
       6    19           0.65799326E+00 
       7    19           0.62493770E+00 
       8    19           0.61998545E+00 
       9    19           0.65911597E+00 
      10    19           0.90811109E+00 
      11    19           0.58206976E+00 
      12    19           0.71656359E+00 
      13    19           0.98480775E+00 
      14    19           0.71126102E+00 
       1    20           0.89774619E+00 
       2    20           0.71971658E+00 
       3    20           0.93255154E+00 
       4    20           0.95511088E+00 
       5    20           0.87230621E+00 
       6    20           0.67045235E+00 
       7    20           0.64785303E+00 
       8    20           0.62275033E+00 
       9    20           0.59517699E+00 
      10    20           0.91371886E+00 
      11    20           0.57099599E+00 
      12    20           0.71636471E+00 
      13    20           0.98439134E+00 
      14    20           0.71723091E+00 
       1    21           0.92033089E+00 
       2    21           0.77443908E+00 
       3    21           0.92269586E+00 
       4    21           0.97528835E+00 
       5    21           0.89401227E+00 
       6    21           0.65831937E+00 
       7    21           0.66743868E+00 
       8    21           0.63456175E+00 
       9    21           0.63353044E+00 
      10    21           0.93391278E+00 
      11    21           0.55824908E+00 
      12    21           0.68213629E+00 
      13    21           0.98315072E+00 
      14    21           0.70693456E+00 
       1    22           0.92894694E+00 
       2    22           0.76785353E+00 
       3    22           0.89735874E+00 
       4    22           0.96682593E+00 
       5    22           0.89201646E+00 
       6    22           0.68488133E+00 
       7    22           0.67591385E+00 
       8    22           0.63950459E+00 
       9    22           0.59964813E+00 
      10    22           0.90905496E+00 
      11    22           0.57268609E+00 
      12    22           0.68937658E+00 
      13    22           0.98400258E+00 
      14    22           0.66712129E+00 




       2    23           0.74480719E+00 
       3    23           0.91367971E+00 
       4    23           0.96906336E+00 
       5    23           0.91206760E+00 
       6    23           0.69135035E+00 
       7    23           0.70071604E+00 
       8    23           0.60809900E+00 
       9    23           0.59978011E+00 
      10    23           0.89334714E+00 
      11    23           0.58414787E+00 
      12    23           0.68845492E+00 
      13    23           0.98703074E+00 
      14    23           0.63502320E+00 
       1    24           0.96094616E+00 
       2    24           0.77611418E+00 
       3    24           0.92609031E+00 
       4    24           0.98064203E+00 
       5    24           0.91100821E+00 
       6    24           0.70491176E+00 
       7    24           0.68915671E+00 
       8    24           0.62411166E+00 
       9    24           0.56128433E+00 
      10    24           0.91141747E+00 
      11    24           0.61962811E+00 
      12    24           0.69452481E+00 
      13    24           0.98423414E+00 
      14    24           0.66681252E+00 
       1    25           0.92834689E+00 
       2    25           0.81359124E+00 
       3    25           0.92539655E+00 
       4    25           0.98644214E+00 
       5    25           0.93004171E+00 
       6    25           0.70263976E+00 
       7    25           0.69518499E+00 
       8    25           0.60466598E+00 
       9    25           0.60065434E+00 
      10    25           0.87970845E+00 
      11    25           0.68157812E+00 
      12    25           0.69001642E+00 
      13    25           0.98833793E+00 
      14    25           0.73328505E+00 
       1    26           0.93094750E+00 
       2    26           0.83925714E+00 
       3    26           0.94535446E+00 
       4    26           0.98363711E+00 
       5    26           0.93874380E+00 
       6    26           0.68579734E+00 
       7    26           0.70605685E+00 
       8    26           0.59489508E+00 
       9    26           0.61615673E+00 
      10    26           0.89817083E+00 
      11    26           0.71556728E+00 
      12    26           0.70733162E+00 
      13    26           0.98892552E+00 
      14    26           0.75377503E+00 
       1    27           0.92236096E+00 
       2    27           0.82279014E+00 
       3    27           0.91736797E+00 
       4    27           0.98727293E+00 




       6    27           0.67346272E+00 
       7    27           0.70934137E+00 
       8    27           0.60687409E+00 
       9    27           0.76416840E+00 
      10    27           0.88497482E+00 
      11    27           0.71286668E+00 
      12    27           0.71861725E+00 
      13    27           0.99008421E+00 
      14    27           0.87373389E+00 
       1    28           0.92809790E+00 
       2    28           0.74214215E+00 
       3    28           0.91184460E+00 
       4    28           0.98940205E+00 
       5    28           0.94854397E+00 
       6    28           0.66430136E+00 
       7    28           0.71124104E+00 
       8    28           0.61723009E+00 
       9    28           0.78769692E+00 
      10    28           0.80620029E+00 
      11    28           0.71630347E+00 
      12    28           0.68408457E+00 
      13    28           0.98916774E+00 
      14    28           0.80038084E+00 
       1    29           0.93407075E+00 
       2    29           0.78675619E+00 
       3    29           0.88809699E+00 
       4    29           0.99044996E+00 
       5    29           0.94013362E+00 
       6    29           0.66527430E+00 
       7    29           0.69458988E+00 
       8    29           0.61812492E+00 
       9    29           0.78176249E+00 
      10    29           0.87137956E+00 
      11    29           0.69011014E+00 
      12    29           0.69297971E+00 
      13    29           0.98903785E+00 
      14    29           0.78587976E+00 
       1    30           0.93028781E+00 
       2    30           0.84045707E+00 
       3    30           0.89719471E+00 
       4    30           0.97824087E+00 
       5    30           0.95877684E+00 
       6    30           0.66778510E+00 
       7    30           0.71102059E+00 
       8    30           0.62325699E+00 
       9    30           0.79068770E+00 
      10    30           0.87087494E+00 
      11    30           0.75836829E+00 
      12    30           0.70259657E+00 
      13    30           0.98922929E+00 
      14    30           0.76560773E+00 
       1    31           0.91565233E+00 
       2    31           0.82291732E+00 
       3    31           0.88254471E+00 
       4    31           0.96788759E+00 
       5    31           0.96443584E+00 
       6    31           0.69382656E+00 
       7    31           0.69096883E+00 
       8    31           0.62774048E+00 




      10    31           0.86001075E+00 
      11    31           0.65514817E+00 
      12    31           0.70049777E+00 
      13    31           0.98945008E+00 
      14    31           0.72934543E+00 
 
 




summary of panel of observations: 
(1 = observed, 0 = not observed) 
 
  t:   1   2   3   4   5   6   7   8   9  10  11  12  13  14  15  16  17  18  19  20  
21  22  23  24  25  26  27  28  29  30  31 
   n 
   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   2   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   3   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   4   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   5   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   6   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   7   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   8   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   9   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
  10   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
  11   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
  12   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
  13   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
  14   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
 
      14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  





















































LA1-d.txt            DATA FILE NAME 
LA1-o.txt            OUTPUT FILE NAME 
14                NUMBER OF FIRMS 
31               NUMBER OF TIME PERIODS  
1                NUMBER OF OUTPUTS 
5                NUMBER OF INPUTS 
1                0=INPUT AND 1=OUTPUT ORIENTATED 
0               0=CRS AND 1=VRS 





Results from DEAP Version 2.1 
  
Instruction file = LA1-i.txt    
Data file          = LA1-d.txt    
  
 Output orientated Malmquist DEA 
  
 






 year =     1 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.000     1.000     1.308     1.000 
     2     0.000     1.000     0.858     1.000 
     3     0.000     0.968     1.021     1.000 
     4     0.000     0.773     0.800     1.000 
     5     0.000     1.000     1.017     1.000 
     6     0.000     0.813     0.898     1.000 
     7     0.000     1.000     1.037     1.000 
     8     0.000     1.000    10.449     1.000 
     9     0.000     0.845     0.788     0.885 
    10     0.000     1.000     1.038     1.000 
    11     0.000     1.000     1.097     1.000 
    12     0.000     1.000     0.937     1.000 
    13     0.000     1.000     1.042     1.000 
    14     0.000     1.000     1.076     1.000 
 
 mean      0.000     0.957     1.669     0.992 
 
 year =     2 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.838     1.000     1.126     1.000 
     2     1.611     1.000     1.996     1.000 
     3     0.916     1.000     0.994     1.000 
     4     0.813     0.841     0.784     1.000 
     5     1.067     1.000     0.958     1.000 
     6     0.781     0.882     0.897     1.000 
     7     1.019     1.000     1.024     1.000 
     8     0.988     1.000     1.123     1.000 
     9     0.863     0.803     0.803     0.870 
    10     0.976     1.000     0.961     1.000 
    11     1.026     1.000     1.006     1.000 
    12     1.054     0.986     0.945     1.000 
    13     1.079     1.000     0.954     1.000 
    14     1.246     1.000     1.403     1.000 
 
 mean      1.020     0.965     1.070     0.991 
 
 year =     3 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.147     1.000     1.090     1.000 
     2     1.133     1.000     1.106     1.000 
     3     0.969     0.954     0.932     1.000 
     4     0.885     0.825     0.854     1.000 
     5     1.057     1.000     1.094     1.000 
     6     0.953     0.969     0.987     1.000 




     8     1.028     1.000     1.042     1.000 
     9     0.989     1.000     0.848     1.000 
    10     1.109     1.000     1.067     1.000 
    11     1.055     1.000     1.032     1.000 
    12     0.982     0.940     0.946     1.000 
    13     1.111     1.000     1.005     1.000 
    14     0.929     1.000     1.025     1.000 
 
 mean      1.026     0.978     1.006     1.000 
 
 year =     4 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.116     1.000     1.091     1.000 
     2     0.948     1.000     1.018     1.000 
     3     0.976     0.953     1.005     1.000 
     4     0.860     0.889     0.862     1.000 
     5     0.987     1.000     1.010     1.000 
     6     0.942     0.963     0.988     1.000 
     7     0.963     1.000     1.116     1.000 
     8     1.039     1.000     1.031     1.000 
     9     1.059     0.857     1.034     0.887 
    10     1.042     1.000     1.129     1.000 
    11     1.558     1.000     1.520     1.000 
    12     0.908     0.915     0.936     0.964 
    13     1.098     1.000     1.037     1.000 
    14     0.994     1.000     1.038     1.000 
 
 mean      1.035     0.970     1.058     0.989 
 
 year =     5 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.996     1.000     1.029     1.000 
     2     1.163     1.000     1.008     1.000 
     3     0.955     1.000     0.930     1.000 
     4     0.779     0.760     0.732     1.000 
     5     1.083     1.000     1.061     1.000 
     6     0.963     0.994     0.954     1.000 
     7     0.985     1.000     0.980     1.000 
     8     9.730     1.000    14.547     1.000 
     9     0.829     0.905     0.937     0.933 
    10     0.953     1.000     1.028     1.000 
    11     0.607     0.662     0.656     0.662 
    12     0.894     0.904     0.863     1.000 
    13     1.031     1.000     1.027     1.000 
    14     0.997     1.000     0.917     1.000 
 
 mean      1.569     0.945     1.905     0.971 
 
 year =     6 
 
   firm      crs te rel to tech in yr      vrs 




              t-1         t       t+1 
  
     1     1.191     1.000     1.091     1.000 
     2     1.264     1.000     0.961     1.000 
     3     1.024     0.951     0.994     1.000 
     4     0.792     0.762     0.782     1.000 
     5     1.093     1.000     1.016     1.000 
     6     0.930     0.920     0.926     1.000 
     7     1.013     0.970     0.981     1.000 
     8     0.996     1.000     1.004     1.000 
     9     0.949     0.981     0.938     1.000 
    10     1.014     1.000     1.065     1.000 
    11     0.756     0.747     0.730     0.753 
    12     0.926     0.887     0.878     1.000 
    13     1.048     1.000     1.084     1.000 
    14     1.030     0.952     0.872     1.000 
 
 mean      1.002     0.941     0.951     0.982 
 
 year =     7 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.006     1.000     1.184     1.000 
     2     1.273     1.000     1.451     1.000 
     3     0.878     0.918     0.961     1.000 
     4     0.812     0.828     0.900     1.000 
     5     1.039     1.000     1.067     1.000 
     6     0.946     0.958     0.991     1.000 
     7     0.996     1.000     1.063     1.000 
     8     1.291     1.000     0.997     1.000 
     9     1.023     0.973     0.828     1.000 
    10     1.061     1.000     1.014     1.000 
    11     0.748     0.735     0.705     0.745 
    12     0.929     0.911     0.968     1.000 
    13     0.981     1.000     1.050     1.000 
    14     1.215     1.000     1.255     1.000 
 
 mean      1.014     0.952     1.031     0.982 
 
 year =     8 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.998     1.000     0.988     1.000 
     2     0.921     1.000     1.101     1.000 
     3     0.943     0.981     0.978     1.000 
     4     0.821     0.893     0.928     1.000 
     5     1.357     1.000     1.314     1.000 
     6     0.977     1.000     0.946     1.000 
     7     0.904     0.948     0.940     0.992 
     8     1.480     1.000     1.181     1.000 
     9     0.845     0.702     0.873     0.702 
    10     1.039     1.000     1.110     1.000 
    11     0.717     0.690     0.698     0.690 




    13     1.057     1.000     1.095     1.000 
    14     0.802     0.913     0.856     1.000 
 
 mean      0.984     0.936     0.999     0.956 
 
 year =     9 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.105     1.000     1.091     1.000 
     2     1.019     1.000     1.129     1.000 
     3     1.005     1.000     0.968     1.000 
     4     0.936     0.978     0.991     1.000 
     5     0.993     1.000     1.059     1.000 
     6     1.073     1.000     1.058     1.000 
     7     1.003     0.979     0.997     1.000 
     8     1.005     1.000     1.021     1.000 
     9     0.563     0.719     0.713     0.736 
    10     1.060     1.000     1.029     1.000 
    11     0.730     0.750     0.768     0.751 
    12     0.950     0.957     0.948     1.000 
    13     0.980     1.000     1.011     1.000 
    14     0.965     0.931     0.779     1.000 
 
 mean      0.956     0.951     0.969     0.963 
 
 year =    10 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.522     1.000     1.063     1.000 
     2     1.004     1.000     1.145     1.000 
     3     1.062     1.000     0.998     1.000 
     4     0.933     0.945     0.964     1.000 
     5     0.962     1.000     1.018     1.000 
     6     0.965     1.000     1.026     1.000 
     7     0.987     1.000     1.013     1.000 
     8     1.193     1.000     1.031     1.000 
     9     0.995     0.943     0.967     1.000 
    10     1.162     1.000     1.103     1.000 
    11     0.655     0.676     0.675     0.676 
    12     0.965     0.959     0.999     1.000 
    13     1.014     1.000     1.045     1.000 
    14     0.876     0.799     0.820     1.000 
 
 mean      1.021     0.952     0.990     0.977 
 
 year =    11 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.961     1.000     0.970     1.000 
     2     1.039     1.000     0.939     1.000 




     4     0.919     0.940     0.898     1.000 
     5     1.037     1.000     1.133     1.000 
     6     0.927     0.950     0.927     1.000 
     7     1.030     1.000     0.991     1.000 
     8     1.515     1.000     1.121     1.000 
     9     0.883     0.902     0.892     0.973 
    10     0.966     1.000     0.982     1.000 
    11     0.632     0.631     0.612     0.632 
    12     0.862     0.886     0.846     0.959 
    13     1.066     1.000     0.990     1.000 
    14     0.789     0.812     0.778     1.000 
 
 mean      0.974     0.937     0.934     0.969 
 
 year =    12 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.074     1.000     1.005     1.000 
     2     1.088     1.000     1.091     1.000 
     3     1.022     1.000     0.986     1.000 
     4     0.947     0.904     0.932     1.000 
     5     1.040     1.000     1.009     1.000 
     6     0.895     0.873     0.877     0.940 
     7     1.034     1.000     1.004     1.000 
     8     1.001     1.000     1.041     1.000 
     9     0.826     0.843     0.806     0.992 
    10     1.029     1.000     0.999     1.000 
    11     0.601     0.591     0.576     0.597 
    12     0.950     0.910     0.908     1.000 
    13     1.159     1.000     1.070     1.000 
    14     0.800     0.762     0.772     1.000 
 
 mean      0.962     0.920     0.934     0.966 
 
 year =    13 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.017     1.000     1.022     1.000 
     2     0.949     1.000     1.030     1.000 
     3     1.031     1.000     0.902     1.000 
     4     0.970     1.000     0.983     1.000 
     5     1.122     1.000     1.138     1.000 
     6     0.877     0.881     0.849     0.948 
     7     1.025     1.000     0.968     1.000 
     8     1.028     1.000     1.689     1.000 
     9     0.791     0.748     0.781     0.812 
    10     1.012     1.000     1.043     1.000 
    11     0.545     0.536     0.511     0.537 
    12     0.852     0.848     0.790     0.943 
    13     1.015     1.000     1.015     1.000 
    14     1.390     1.000     1.315     1.000 
 





 year =    14 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.064     1.000     1.115     1.000 
     2     1.004     1.000     1.012     1.000 
     3     1.128     1.000     0.940     1.000 
     4     1.010     0.995     0.970     1.000 
     5     1.048     1.000     1.140     1.000 
     6     0.892     0.861     0.859     0.961 
     7     1.099     1.000     0.948     1.000 
     8     1.021     1.000     1.046     1.000 
     9     0.858     0.876     0.796     1.000 
    10     0.924     0.962     0.969     1.000 
    11     0.618     0.671     0.678     0.731 
    12     0.894     0.836     0.832     1.000 
    13     1.028     1.000     1.113     1.000 
    14     0.823     0.876     0.741     1.000 
 
 mean      0.958     0.934     0.940     0.978 
 
 year =    15 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     3.051     1.000     2.508     1.000 
     2     1.105     1.000     1.040     1.000 
     3     1.069     1.000     0.977     1.000 
     4     1.023     0.989     0.970     1.000 
     5     0.982     1.000     1.024     1.000 
     6     0.888     0.889     0.916     0.991 
     7     1.098     1.000     1.089     1.000 
     8     3.531     1.000     2.924     1.000 
     9     1.414     1.000     1.230     1.000 
    10     0.960     0.976     0.941     1.000 
    11     0.633     0.652     0.699     0.713 
    12     0.820     0.811     0.813     0.995 
    13     0.991     1.000     0.966     1.000 
    14     0.764     0.802     0.788     1.000 
 
 mean      1.309     0.937     1.206     0.979 
 
 year =    16 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.063     1.000     1.079     1.000 
     2     1.022     1.000     0.977     1.000 
     3     1.064     1.000     1.006     1.000 
     4     0.986     0.969     0.894     1.000 
     5     1.024     1.000     0.999     1.000 
     6     0.919     0.947     0.929     1.000 
     7     0.993     1.000     1.045     1.000 




     9     0.804     0.919     0.891     1.000 
    10     0.974     0.937     0.970     1.000 
    11     0.701     0.765     0.720     0.819 
    12     0.848     0.859     0.851     1.000 
    13     1.082     1.000     1.012     1.000 
    14     0.781     0.767     0.763     1.000 
 
 mean      0.954     0.940     0.976     0.987 
 
 year =    17 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.009     1.000     1.012     1.000 
     2     1.162     1.000     0.938     1.000 
     3     1.039     1.000     0.997     1.000 
     4     0.921     0.834     0.765     1.000 
     5     1.103     1.000     0.998     1.000 
     6     1.020     1.000     1.030     1.000 
     7     1.011     1.000     1.051     1.000 
     8     1.026     1.000     1.021     1.000 
     9     0.878     0.845     0.790     1.000 
    10     0.959     1.000     0.981     1.000 
    11     0.825     0.781     0.728     0.893 
    12     0.805     0.795     0.753     0.962 
    13     1.155     1.000     1.029     1.000 
    14     0.765     0.782     0.754     0.962 
 
 mean      0.977     0.931     0.918     0.987 
 
 year =    18 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.428     1.000     1.051     1.000 
     2     1.268     1.000     1.167     1.000 
     3     1.070     1.000     1.048     1.000 
     4     0.725     0.681     0.676     1.000 
     5     1.070     1.000     1.136     1.000 
     6     0.946     0.971     0.953     0.985 
     7     0.983     1.000     0.979     1.000 
     8     1.042     1.000     1.239     1.000 
     9     0.789     0.779     0.796     0.875 
    10     1.037     1.000     0.963     1.000 
    11     0.846     0.789     0.828     0.990 
    12     0.824     0.782     0.814     0.971 
    13     1.256     1.000     1.066     1.000 
    14     0.787     0.767     0.804     1.000 
 
 mean      1.005     0.912     0.966     0.987 
 
 year =    19 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 





     1     1.114     1.000     1.207     1.000 
     2     1.031     1.000     0.944     1.000 
     3     1.115     1.000     0.946     1.000 
     4     0.783     0.783     0.700     1.000 
     5     0.993     1.000     1.053     1.000 
     6     0.912     0.896     0.851     0.905 
     7     1.051     1.000     0.982     1.000 
     8     1.071     1.000     1.509     1.000 
     9     1.011     1.000     0.980     1.000 
    10     1.065     1.000     1.003     1.000 
    11     0.900     0.919     0.905     0.926 
    12     0.815     0.847     0.699     1.000 
    13     0.993     1.000     1.046     1.000 
    14     0.776     0.815     0.780     1.000 
 
 mean      0.974     0.947     0.972     0.988 
 
 year =    20 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.309     1.000     1.655     1.000 
     2     1.410     1.000     0.943     1.000 
     3     1.159     1.000     1.031     1.000 
     4     0.602     0.563     0.524     1.000 
     5     0.991     1.000     0.986     1.000 
     6     0.920     0.875     0.829     0.891 
     7     1.064     1.000     0.966     1.000 
     8     1.030     1.000     0.986     1.000 
     9     0.774     0.761     0.734     0.804 
    10     1.024     1.000     0.948     1.000 
    11     0.845     0.832     0.719     1.000 
    12     0.854     0.704     0.627     1.000 
    13     1.047     1.000     1.039     1.000 
    14     0.814     0.743     0.743     0.988 
 
 mean      0.989     0.891     0.909     0.977 
 
 year =    21 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.409     1.000     1.087     1.000 
     2     1.420     1.000     1.247     1.000 
     3     1.054     1.000     1.075     1.000 
     4     0.670     0.621     0.630     1.000 
     5     1.075     1.000     1.093     1.000 
     6     0.873     0.817     0.796     0.866 
     7     1.048     1.000     1.028     1.000 
     8     1.086     1.000     1.740     1.000 
     9     0.856     0.820     0.813     0.947 
    10     1.079     1.000     1.041     1.000 
    11     0.753     0.660     0.704     0.869 
    12     0.657     0.606     0.637     0.902 




    14     0.747     0.747     0.709     0.897 
 
 mean      0.981     0.876     0.975     0.963 
 
 year =    22 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.227     1.000     1.103     1.000 
     2     1.082     1.000     1.192     1.000 
     3     1.028     1.000     0.967     1.000 
     4     0.602     0.611     0.628     1.000 
     5     1.042     1.000     0.991     1.000 
     6     0.881     0.862     0.837     0.914 
     7     1.040     1.000     0.971     1.000 
     8     1.027     1.000     1.090     1.000 
     9     0.709     0.731     0.700     0.772 
    10     0.944     0.979     1.014     1.000 
    11     0.713     0.758     0.677     1.000 
    12     0.624     0.654     0.630     1.000 
    13     1.043     1.000     0.978     1.000 
    14     0.724     0.688     0.725     0.878 
 
 mean      0.906     0.877     0.893     0.969 
 
 year =    23 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.254     1.000     1.013     1.000 
     2     0.956     1.000     1.019     1.000 
     3     1.056     1.000     0.960     1.000 
     4     0.597     0.625     0.601     1.000 
     5     1.087     1.000     1.077     1.000 
     6     0.883     0.859     0.823     0.881 
     7     1.125     1.000     1.068     1.000 
     8     1.132     1.000     0.978     1.000 
     9     0.745     0.712     0.685     0.742 
    10     0.951     0.985     0.879     1.000 
    11     0.778     0.695     0.715     1.000 
    12     0.654     0.615     0.576     1.000 
    13     1.095     1.000     1.143     1.000 
    14     0.604     0.637     0.551     0.802 
 
 mean      0.923     0.866     0.863     0.959 
 
 year =    24 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.275     1.000     1.446     1.000 
     2     1.055     1.000     0.924     1.000 
     3     1.098     1.000     0.993     1.000 




     5     1.037     1.000     0.983     1.000 
     6     0.888     0.855     0.860     0.905 
     7     0.996     1.000     1.012     1.000 
     8     1.281     1.000     1.566     1.000 
     9     0.634     0.614     0.600     0.616 
    10     1.031     0.919     0.920     1.000 
    11     0.777     0.798     0.822     1.000 
    12     0.628     0.589     0.614     1.000 
    13     0.903     1.000     0.925     1.000 
    14     0.682     0.587     0.597     0.839 
 
 mean      0.930     0.863     0.925     0.954 
 
 year =    25 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.011     1.000     2.090     1.000 
     2     1.206     1.000     1.120     1.000 
     3     1.051     1.000     0.994     1.000 
     4     0.845     0.840     0.789     1.000 
     5     1.094     1.000     1.018     1.000 
     6     0.867     0.864     0.841     0.890 
     7     1.023     1.000     0.987     1.000 
     8     1.053     1.000     1.049     1.000 
     9     0.672     0.684     0.670     0.693 
    10     0.863     0.862     0.861     1.000 
    11     0.965     1.000     0.924     1.000 
    12     0.594     0.616     0.669     0.940 
    13     1.170     1.000     1.035     1.000 
    14     0.620     0.644     0.731     0.991 
 
 mean      0.931     0.894     0.984     0.965 
 
 year =    26 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.025     1.000     1.017     1.000 
     2     1.180     1.000     1.066     1.000 
     3     1.197     1.000     1.100     1.000 
     4     0.827     0.751     0.796     1.000 
     5     1.080     1.000     1.007     1.000 
     6     0.901     0.830     0.854     0.833 
     7     1.050     1.000     1.007     1.000 
     8     0.997     1.000     0.983     1.000 
     9     0.702     0.687     0.690     0.705 
    10     0.917     0.927     0.943     1.000 
    11     1.256     1.000     1.067     1.000 
    12     0.639     0.718     0.690     0.929 
    13     1.009     1.000     0.995     1.000 
    14     0.621     0.741     0.711     0.967 
 
 mean      0.957     0.904     0.923     0.960 
 





   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.991     1.000     1.016     1.000 
     2     1.073     1.000     1.544     1.000 
     3     0.995     1.000     0.983     1.000 
     4     1.154     1.000     0.934     1.000 
     5     1.048     1.000     1.009     1.000 
     6     0.831     0.845     0.812     0.862 
     7     1.043     1.000     1.002     1.000 
     8     1.026     1.000     0.992     1.000 
     9     1.204     1.000     1.003     1.000 
    10     1.137     1.000     0.989     1.000 
    11     1.011     1.000     1.129     1.000 
    12     0.895     0.847     0.800     0.938 
    13     1.054     1.000     1.038     1.000 
    14     1.164     1.000     0.909     1.000 
 
 mean      1.045     0.978     1.011     0.986 
 
 year =    28 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.101     1.000     0.970     1.000 
     2     1.024     1.000     0.932     1.000 
     3     1.047     1.000     1.084     1.000 
     4     1.598     1.000     0.944     1.000 
     5     1.091     1.000     1.059     1.000 
     6     0.830     0.799     0.815     0.823 
     7     1.065     1.000     1.114     1.000 
     8     1.017     1.000     1.037     1.000 
     9     1.054     1.000     1.003     1.000 
    10    10.694     1.000     6.043     1.000 
    11     1.042     1.000     1.075     1.000 
    12     0.704     0.713     0.712     0.827 
    13     1.022     1.000     0.971     1.000 
    14     0.907     0.818     0.887     1.000 
 
 mean      1.728     0.952     1.332     0.975 
 
 year =    29 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.040     1.000     1.000     1.000 
     2     1.133     1.000     1.013     1.000 
     3     1.012     1.000     0.965     1.000 
     4     1.256     1.000     1.894     1.000 
     5     1.013     1.000     0.961     1.000 
     6     0.798     0.818     0.783     0.849 
     7     1.002     1.000     0.960     1.000 
     8     0.981     1.000     1.014     1.000 




    10     0.970     1.000     0.933     1.000 
    11     0.961     1.000     0.846     1.000 
    12     0.793     0.817     0.818     0.893 
    13     1.108     1.000     1.119     1.000 
    14     0.660     0.660     0.673     1.000 
 
 mean      0.983     0.950     1.002     0.982 
 
 year =    30 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.000     1.000     1.059     1.000 
     2     1.765     1.000     1.080     1.000 
     3     1.150     1.000     1.042     1.000 
     4     0.774     1.000     1.229     1.000 
     5     1.189     1.000     0.985     1.000 
     6     0.820     0.781     0.784     0.816 
     7     1.071     1.000     1.077     1.000 
     8     0.995     1.000     1.010     1.000 
     9     1.034     1.000     1.001     1.000 
    10     1.072     1.000     0.933     1.000 
    11     1.484     1.000     1.391     1.000 
    12     0.916     0.914     0.942     0.950 
    13     1.139     1.000     0.998     1.000 
    14     0.671     0.690     0.678     0.912 
 
 mean      1.077     0.956     1.015     0.977 
 
 year =    31 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.000     1.000     0.000     1.000 
     2     0.999     1.000     0.000     1.000 
     3     1.049     1.000     0.000     1.000 
     4     0.858     0.999     0.000     1.000 
     5     1.087     1.000     0.000     1.000 
     6     0.878     0.865     0.000     0.908 
     7     1.001     1.000     0.000     1.000 
     8     0.998     1.000     0.000     1.000 
     9     0.958     0.945     0.000     1.000 
    10     1.550     1.000     0.000     1.000 
    11     0.802     0.776     0.000     0.791 
    12     0.987     1.000     0.000     1.000 
    13     1.079     1.000     0.000     1.000 
    14     0.567     0.582     0.000     0.875 
 
 mean      0.987     0.940     0.000     0.970 
  
 [Note that t-1 in year 1 and t+1 in the final year are not defined] 
 
 
 MALMQUIST INDEX SUMMARY 
 





   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.800   1.000   1.000   0.800 
     2   1.000   1.370   1.000   1.000   1.370 
     3   1.033   0.932   1.000   1.033   0.963 
     4   1.088   0.967   1.000   1.088   1.051 
     5   1.000   1.024   1.000   1.000   1.024 
     6   1.084   0.896   1.000   1.084   0.971 
     7   1.000   0.991   1.000   1.000   0.991 
     8   1.000   0.307   1.000   1.000   0.307 
     9   0.950   1.074   0.983   0.966   1.020 
    10   1.000   0.970   1.000   1.000   0.970 
    11   1.000   0.967   1.000   1.000   0.967 
    12   0.986   1.068   1.000   0.986   1.053 
    13   1.000   1.017   1.000   1.000   1.017 
    14   1.000   1.076   1.000   1.000   1.076 
 
 mean    1.009   0.923   0.999   1.011   0.932 
 
 year =     3 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.009   1.000   1.000   1.009 
     2   1.000   0.753   1.000   1.000   0.753 
     3   0.954   1.011   1.000   0.954   0.964 
     4   0.981   1.072   1.000   0.981   1.052 
     5   1.000   1.051   1.000   1.000   1.051 
     6   1.099   0.983   1.000   1.099   1.080 
     7   1.000   0.998   1.000   1.000   0.998 
     8   1.000   0.957   1.000   1.000   0.957 
     9   1.246   0.995   1.150   1.083   1.239 
    10   1.000   1.074   1.000   1.000   1.074 
    11   1.000   1.024   1.000   1.000   1.024 
    12   0.953   1.044   1.000   0.953   0.995 
    13   1.000   1.080   1.000   1.000   1.080 
    14   1.000   0.814   1.000   1.000   0.814 
 
 mean    1.014   0.986   1.010   1.004   1.000 
 
 year =     4 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.012   1.000   1.000   1.012 
     2   1.000   0.926   1.000   1.000   0.926 
     3   0.999   1.024   1.000   0.999   1.023 
     4   1.078   0.967   1.000   1.078   1.042 
     5   1.000   0.950   1.000   1.000   0.950 
     6   0.994   0.980   1.000   0.994   0.974 
     7   1.000   0.952   1.000   1.000   0.952 
     8   1.000   0.998   1.000   1.000   0.998 
     9   0.857   1.207   0.887   0.967   1.034 
    10   1.000   0.988   1.000   1.000   0.988 
    11   1.000   1.229   1.000   1.000   1.229 
    12   0.974   0.993   0.964   1.010   0.967 
    13   1.000   1.045   1.000   1.000   1.045 





 mean    0.992   1.015   0.989   1.003   1.007 
 
 year =     5 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.955   1.000   1.000   0.955 
     2   1.000   1.069   1.000   1.000   1.069 
     3   1.049   0.952   1.000   1.049   0.998 
     4   0.855   1.028   1.000   0.855   0.879 
     5   1.000   1.035   1.000   1.000   1.035 
     6   1.032   0.972   1.000   1.032   1.003 
     7   1.000   0.940   1.000   1.000   0.940 
     8   1.000   3.071   1.000   1.000   3.071 
     9   1.056   0.872   1.052   1.004   0.920 
    10   1.000   0.919   1.000   1.000   0.919 
    11   0.662   0.777   0.662   1.000   0.514 
    12   0.988   0.983   1.037   0.952   0.971 
    13   1.000   0.997   1.000   1.000   0.997 
    14   1.000   0.980   1.000   1.000   0.980 
 
 mean    0.968   1.040   0.977   0.991   1.007 
 
 year =     6 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.076   1.000   1.000   1.076 
     2   1.000   1.120   1.000   1.000   1.120 
     3   0.951   1.076   1.000   0.951   1.024 
     4   1.002   1.039   1.000   1.002   1.041 
     5   1.000   1.015   1.000   1.000   1.015 
     6   0.926   1.026   1.000   0.926   0.950 
     7   0.970   1.033   1.000   0.970   1.002 
     8   1.000   0.262   1.000   1.000   0.262 
     9   1.084   0.967   1.072   1.011   1.048 
    10   1.000   0.993   1.000   1.000   0.993 
    11   1.129   1.010   1.138   0.992   1.141 
    12   0.981   1.046   1.000   0.981   1.026 
    13   1.000   1.010   1.000   1.000   1.010 
    14   0.952   1.086   1.000   0.952   1.034 
 
 mean    0.999   0.940   1.014   0.984   0.939 
 
 year =     7 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.960   1.000   1.000   0.960 
     2   1.000   1.151   1.000   1.000   1.151 
     3   0.965   0.956   1.000   0.965   0.923 
     4   1.087   0.978   1.000   1.087   1.063 
     5   1.000   1.012   1.000   1.000   1.012 
     6   1.041   0.991   1.000   1.041   1.031 
     7   1.031   0.993   1.000   1.031   1.023 
     8   1.000   1.134   1.000   1.000   1.134 
     9   0.992   1.049   1.000   0.992   1.041 
    10   1.000   0.998   1.000   1.000   0.998 
    11   0.984   1.020   0.989   0.996   1.004 




    13   1.000   0.951   1.000   1.000   0.951 
    14   1.050   1.152   1.000   1.050   1.210 
 
 mean    1.012   1.024   0.999   1.013   1.036 
 
 year =     8 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.918   1.000   1.000   0.918 
     2   1.000   0.797   1.000   1.000   0.797 
     3   1.068   0.959   1.000   1.068   1.024 
     4   1.079   0.920   1.000   1.079   0.992 
     5   1.000   1.128   1.000   1.000   1.128 
     6   1.044   0.972   1.000   1.044   1.014 
     7   0.948   0.947   0.992   0.956   0.898 
     8   1.000   1.218   1.000   1.000   1.218 
     9   0.721   1.190   0.702   1.027   0.858 
    10   1.000   1.012   1.000   1.000   1.012 
    11   0.938   1.041   0.927   1.012   0.977 
    12   1.071   0.943   1.000   1.071   1.010 
    13   1.000   1.003   1.000   1.000   1.003 
    14   0.913   0.836   1.000   0.913   0.764 
 
 mean    0.980   0.985   0.969   1.011   0.965 
 
 year =     9 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.058   1.000   1.000   1.058 
     2   1.000   0.962   1.000   1.000   0.962 
     3   1.019   1.004   1.000   1.019   1.023 
     4   1.095   0.960   1.000   1.095   1.051 
     5   1.000   0.869   1.000   1.000   0.869 
     6   1.000   1.065   1.000   1.000   1.065 
     7   1.033   1.016   1.009   1.024   1.050 
     8   1.000   0.923   1.000   1.000   0.923 
     9   1.024   0.794   1.048   0.978   0.813 
    10   1.000   0.977   1.000   1.000   0.977 
    11   1.088   0.981   1.088   1.000   1.067 
    12   0.981   0.992   1.000   0.981   0.973 
    13   1.000   0.946   1.000   1.000   0.946 
    14   1.019   1.052   1.000   1.019   1.072 
 
 mean    1.018   0.968   1.010   1.008   0.986 
 
 year =    10 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.181   1.000   1.000   1.181 
     2   1.000   0.943   1.000   1.000   0.943 
     3   1.000   1.048   1.000   1.000   1.048 
     4   0.966   0.987   1.000   0.966   0.954 
     5   1.000   0.953   1.000   1.000   0.953 
     6   1.000   0.955   1.000   1.000   0.955 
     7   1.021   0.985   1.000   1.021   1.006 
     8   1.000   1.081   1.000   1.000   1.081 




    10   1.000   1.063   1.000   1.000   1.063 
    11   0.900   0.974   0.900   1.000   0.877 
    12   1.002   1.008   1.000   1.002   1.010 
    13   1.000   1.002   1.000   1.000   1.002 
    14   0.858   1.144   1.000   0.858   0.982 
 
 mean    1.000   1.023   1.015   0.986   1.023 
 
 year =    11 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.951   1.000   1.000   0.951 
     2   1.000   0.953   1.000   1.000   0.953 
     3   1.000   1.009   1.000   1.000   1.009 
     4   0.994   0.979   1.000   0.994   0.973 
     5   1.000   1.009   1.000   1.000   1.009 
     6   0.950   0.975   1.000   0.950   0.926 
     7   1.000   1.008   1.000   1.000   1.008 
     8   1.000   1.212   1.000   1.000   1.212 
     9   0.957   0.977   0.973   0.984   0.935 
    10   1.000   0.936   1.000   1.000   0.936 
    11   0.935   1.001   0.935   1.000   0.935 
    12   0.924   0.966   0.959   0.963   0.893 
    13   1.000   1.010   1.000   1.000   1.010 
    14   1.017   0.973   1.000   1.017   0.989 
 
 mean    0.984   0.995   0.990   0.993   0.979 
 
 year =    12 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.052   1.000   1.000   1.052 
     2   1.000   1.076   1.000   1.000   1.076 
     3   1.000   1.010   1.000   1.000   1.010 
     4   0.962   1.047   1.000   0.962   1.007 
     5   1.000   0.958   1.000   1.000   0.958 
     6   0.919   1.025   0.940   0.978   0.942 
     7   1.000   1.021   1.000   1.000   1.021 
     8   1.000   0.945   1.000   1.000   0.945 
     9   0.934   0.995   1.020   0.916   0.930 
    10   1.000   1.024   1.000   1.000   1.024 
    11   0.937   1.023   0.946   0.990   0.959 
    12   1.027   1.046   1.042   0.986   1.074 
    13   1.000   1.082   1.000   1.000   1.082 
    14   0.939   1.047   1.000   0.939   0.983 
 
 mean    0.979   1.024   0.996   0.983   1.003 
 
 year =    13 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.006   1.000   1.000   1.006 
     2   1.000   0.933   1.000   1.000   0.933 
     3   1.000   1.022   1.000   1.000   1.022 
     4   1.106   0.970   1.000   1.106   1.073 
     5   1.000   1.054   1.000   1.000   1.054 




     7   1.000   1.010   1.000   1.000   1.010 
     8   1.000   0.993   1.000   1.000   0.993 
     9   0.887   1.052   0.818   1.085   0.933 
    10   1.000   1.006   1.000   1.000   1.006 
    11   0.907   1.021   0.898   1.010   0.926 
    12   0.931   1.004   0.943   0.987   0.935 
    13   1.000   0.974   1.000   1.000   0.974 
    14   1.312   1.172   1.000   1.312   1.537 
 
 mean    1.007   1.014   0.975   1.033   1.021 
 
 year =    14 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.020   1.000   1.000   1.020 
     2   1.000   0.987   1.000   1.000   0.987 
     3   1.000   1.118   1.000   1.000   1.118 
     4   0.995   1.017   1.000   0.995   1.011 
     5   1.000   0.960   1.000   1.000   0.960 
     6   0.977   1.037   1.013   0.965   1.013 
     7   1.000   1.065   1.000   1.000   1.065 
     8   1.000   0.778   1.000   1.000   0.778 
     9   1.170   0.969   1.232   0.950   1.134 
    10   0.962   0.960   1.000   0.962   0.923 
    11   1.252   0.983   1.363   0.918   1.230 
    12   0.986   1.071   1.060   0.930   1.056 
    13   1.000   1.006   1.000   1.000   1.006 
    14   0.876   0.845   1.000   0.876   0.740 
 
 mean    1.012   0.983   1.043   0.970   0.995 
 
 year =    15 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.654   1.000   1.000   1.654 
     2   1.000   1.045   1.000   1.000   1.045 
     3   1.000   1.067   1.000   1.000   1.067 
     4   0.994   1.030   1.000   0.994   1.024 
     5   1.000   0.928   1.000   1.000   0.928 
     6   1.033   1.001   1.031   1.002   1.034 
     7   1.000   1.076   1.000   1.000   1.076 
     8   1.000   1.838   1.000   1.000   1.838 
     9   1.142   1.247   1.000   1.142   1.424 
    10   1.015   0.988   1.000   1.015   1.003 
    11   0.971   0.981   0.975   0.995   0.952 
    12   0.969   1.008   0.995   0.974   0.977 
    13   1.000   0.944   1.000   1.000   0.944 
    14   0.916   1.061   1.000   0.916   0.972 
 
 mean    1.002   1.109   1.000   1.002   1.111 
 
 year =    16 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.651   1.000   1.000   0.651 
     2   1.000   0.991   1.000   1.000   0.991 




     4   0.980   1.019   1.000   0.980   0.998 
     5   1.000   1.000   1.000   1.000   1.000 
     6   1.065   0.971   1.009   1.055   1.034 
     7   1.000   0.955   1.000   1.000   0.955 
     8   1.000   0.614   1.000   1.000   0.614 
     9   0.919   0.843   1.000   0.919   0.775 
    10   0.960   1.038   1.000   0.960   0.997 
    11   1.173   0.925   1.148   1.022   1.085 
    12   1.060   0.992   1.005   1.055   1.051 
    13   1.000   1.058   1.000   1.000   1.058 
    14   0.955   1.018   1.000   0.955   0.973 
 
 mean    1.006   0.925   1.011   0.996   0.931 
 
 year =    17 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.967   1.000   1.000   0.967 
     2   1.000   1.090   1.000   1.000   1.090 
     3   1.000   1.016   1.000   1.000   1.016 
     4   0.861   1.093   1.000   0.861   0.941 
     5   1.000   1.051   1.000   1.000   1.051 
     6   1.056   1.020   1.000   1.056   1.077 
     7   1.000   0.984   1.000   1.000   0.984 
     8   1.000   0.819   1.000   1.000   0.819 
     9   0.920   1.035   1.000   0.920   0.952 
    10   1.067   0.963   1.000   1.067   1.027 
    11   1.021   1.059   1.090   0.937   1.082 
    12   0.924   1.012   0.962   0.961   0.935 
    13   1.000   1.068   1.000   1.000   1.068 
    14   1.020   0.991   0.962   1.060   1.011 
 
 mean    0.989   1.010   1.001   0.989   0.999 
 
 year =    18 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.188   1.000   1.000   1.188 
     2   1.000   1.163   1.000   1.000   1.163 
     3   1.000   1.036   1.000   1.000   1.036 
     4   0.817   1.077   1.000   0.817   0.880 
     5   1.000   1.036   1.000   1.000   1.036 
     6   0.971   0.972   0.985   0.986   0.944 
     7   1.000   0.967   1.000   1.000   0.967 
     8   1.000   1.010   1.000   1.000   1.010 
     9   0.921   1.041   0.875   1.053   0.959 
    10   1.000   1.029   1.000   1.000   1.029 
    11   1.011   1.072   1.108   0.912   1.084 
    12   0.984   1.055   1.009   0.975   1.038 
    13   1.000   1.105   1.000   1.000   1.105 
    14   0.981   1.032   1.039   0.944   1.012 
 
 mean    0.976   1.054   1.000   0.976   1.029 
 
 year =    19 
 





     1   1.000   1.030   1.000   1.000   1.030 
     2   1.000   0.940   1.000   1.000   0.940 
     3   1.000   1.031   1.000   1.000   1.031 
     4   1.150   1.004   1.000   1.150   1.154 
     5   1.000   0.935   1.000   1.000   0.935 
     6   0.922   1.019   0.919   1.004   0.939 
     7   1.000   1.036   1.000   1.000   1.036 
     8   1.000   0.930   1.000   1.000   0.930 
     9   1.284   0.995   1.143   1.123   1.277 
    10   1.000   1.052   1.000   1.000   1.052 
    11   1.165   0.966   0.935   1.245   1.125 
    12   1.084   0.961   1.030   1.052   1.042 
    13   1.000   0.965   1.000   1.000   0.965 
    14   1.063   0.953   1.000   1.063   1.013 
 
 mean    1.044   0.986   1.001   1.043   1.029 
 
 year =    20 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.041   1.000   1.000   1.041 
     2   1.000   1.222   1.000   1.000   1.222 
     3   1.000   1.107   1.000   1.000   1.107 
     4   0.719   1.094   1.000   0.719   0.786 
     5   1.000   0.970   1.000   1.000   0.970 
     6   0.977   1.052   0.984   0.993   1.028 
     7   1.000   1.041   1.000   1.000   1.041 
     8   1.000   0.826   1.000   1.000   0.826 
     9   0.761   1.019   0.804   0.946   0.775 
    10   1.000   1.010   1.000   1.000   1.010 
    11   0.905   1.015   1.080   0.838   0.919 
    12   0.831   1.212   1.000   0.831   1.008 
    13   1.000   1.001   1.000   1.000   1.001 
    14   0.912   1.070   0.988   0.923   0.976 
 
 mean    0.931   1.044   0.988   0.942   0.972 
 
 year =    21 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.923   1.000   1.000   0.923 
     2   1.000   1.227   1.000   1.000   1.227 
     3   1.000   1.011   1.000   1.000   1.011 
     4   1.102   1.076   1.000   1.102   1.187 
     5   1.000   1.044   1.000   1.000   1.044 
     6   0.933   1.062   0.972   0.960   0.991 
     7   1.000   1.042   1.000   1.000   1.042 
     8   1.000   1.049   1.000   1.000   1.049 
     9   1.078   1.040   1.177   0.916   1.121 
    10   1.000   1.067   1.000   1.000   1.067 
    11   0.794   1.148   0.869   0.914   0.911 
    12   0.860   1.104   0.902   0.954   0.950 
    13   1.000   0.986   1.000   1.000   0.986 
    14   1.005   1.000   0.908   1.106   1.005 
 
 mean    0.981   1.053   0.985   0.995   1.033 
 





   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.062   1.000   1.000   1.062 
     2   1.000   0.931   1.000   1.000   0.931 
     3   1.000   0.978   1.000   1.000   0.978 
     4   0.985   0.985   1.000   0.985   0.970 
     5   1.000   0.976   1.000   1.000   0.976 
     6   1.055   1.024   1.055   1.000   1.080 
     7   1.000   1.006   1.000   1.000   1.006 
     8   1.000   0.768   1.000   1.000   0.768 
     9   0.892   0.989   0.815   1.093   0.882 
    10   0.979   0.962   1.000   0.979   0.942 
    11   1.149   0.939   1.151   0.998   1.079 
    12   1.079   0.952   1.109   0.973   1.028 
    13   1.000   0.997   1.000   1.000   0.997 
    14   0.921   1.052   0.978   0.942   0.970 
 
 mean    1.003   0.970   1.005   0.997   0.973 
 
 year =    23 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.066   1.000   1.000   1.066 
     2   1.000   0.895   1.000   1.000   0.895 
     3   1.000   1.045   1.000   1.000   1.045 
     4   1.023   0.964   1.000   1.023   0.986 
     5   1.000   1.048   1.000   1.000   1.048 
     6   0.997   1.029   0.965   1.034   1.026 
     7   1.000   1.077   1.000   1.000   1.077 
     8   1.000   1.019   1.000   1.000   1.019 
     9   0.974   1.046   0.961   1.014   1.018 
    10   1.006   0.965   1.000   1.006   0.971 
    11   0.917   1.119   1.000   0.917   1.026 
    12   0.940   1.051   1.000   0.940   0.988 
    13   1.000   1.058   1.000   1.000   1.058 
    14   0.926   0.949   0.914   1.013   0.879 
 
 mean    0.984   1.022   0.988   0.996   1.006 
 
 year =    24 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.122   1.000   1.000   1.122 
     2   1.000   1.017   1.000   1.000   1.017 
     3   1.000   1.070   1.000   1.000   1.070 
     4   1.141   1.039   1.000   1.141   1.185 
     5   1.000   0.981   1.000   1.000   0.981 
     6   0.995   1.041   1.027   0.970   1.036 
     7   1.000   0.966   1.000   1.000   0.966 
     8   1.000   1.145   1.000   1.000   1.145 
     9   0.862   1.036   0.831   1.038   0.894 
    10   0.933   1.121   1.000   0.933   1.046 
    11   1.148   0.973   1.000   1.148   1.117 
    12   0.958   1.067   1.000   0.958   1.022 
    13   1.000   0.889   1.000   1.000   0.889 





 mean    0.995   1.042   0.992   1.003   1.036 
 
 year =    25 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.836   1.000   1.000   0.836 
     2   1.000   1.142   1.000   1.000   1.142 
     3   1.000   1.029   1.000   1.000   1.029 
     4   1.178   1.017   1.000   1.178   1.199 
     5   1.000   1.055   1.000   1.000   1.055 
     6   1.011   0.999   0.983   1.028   1.009 
     7   1.000   1.006   1.000   1.000   1.006 
     8   1.000   0.820   1.000   1.000   0.820 
     9   1.113   1.004   1.124   0.990   1.117 
    10   0.938   1.000   1.000   0.938   0.938 
    11   1.253   0.968   1.000   1.253   1.213 
    12   1.046   0.962   0.940   1.113   1.006 
    13   1.000   1.124   1.000   1.000   1.124 
    14   1.097   0.973   1.182   0.928   1.067 
 
 mean    1.042   0.992   1.015   1.027   1.034 
 
 year =    26 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.700   1.000   1.000   0.700 
     2   1.000   1.027   1.000   1.000   1.027 
     3   1.000   1.097   1.000   1.000   1.097 
     4   0.894   1.083   1.000   0.894   0.968 
     5   1.000   1.030   1.000   1.000   1.030 
     6   0.961   1.056   0.936   1.027   1.015 
     7   1.000   1.031   1.000   1.000   1.031 
     8   1.000   0.975   1.000   1.000   0.975 
     9   1.005   1.021   1.018   0.987   1.026 
    10   1.075   0.996   1.000   1.075   1.070 
    11   1.000   1.166   1.000   1.000   1.166 
    12   1.165   0.905   0.989   1.178   1.054 
    13   1.000   0.988   1.000   1.000   0.988 
    14   1.151   0.859   0.976   1.180   0.989 
 
 mean    1.016   0.988   0.994   1.022   1.004 
 
 year =    27 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.987   1.000   1.000   0.987 
     2   1.000   1.003   1.000   1.000   1.003 
     3   1.000   0.951   1.000   1.000   0.951 
     4   1.332   1.043   1.000   1.332   1.389 
     5   1.000   1.020   1.000   1.000   1.020 
     6   1.018   0.977   1.036   0.983   0.995 
     7   1.000   1.018   1.000   1.000   1.018 
     8   1.000   1.021   1.000   1.000   1.021 
     9   1.455   1.095   1.418   1.026   1.594 
    10   1.079   1.057   1.000   1.079   1.140 
    11   1.000   0.974   1.000   1.000   0.974 




    13   1.000   1.029   1.000   1.000   1.029 
    14   1.349   1.102   1.034   1.304   1.486 
 
 mean    1.091   1.022   1.031   1.058   1.116 
 
 year =    28 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.041   1.000   1.000   1.041 
     2   1.000   0.815   1.000   1.000   0.815 
     3   1.000   1.032   1.000   1.000   1.032 
     4   1.000   1.308   1.000   1.000   1.308 
     5   1.000   1.040   1.000   1.000   1.040 
     6   0.945   1.040   0.954   0.990   0.983 
     7   1.000   1.031   1.000   1.000   1.031 
     8   1.000   1.013   1.000   1.000   1.013 
     9   1.000   1.025   1.000   1.000   1.025 
    10   1.000   3.287   1.000   1.000   3.287 
    11   1.000   0.961   1.000   1.000   0.961 
    12   0.842   1.022   0.881   0.955   0.860 
    13   1.000   0.992   1.000   1.000   0.992 
    14   0.818   1.105   1.000   0.818   0.904 
 
 mean    0.970   1.117   0.988   0.982   1.083 
 
 year =    29 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.036   1.000   1.000   1.036 
     2   1.000   1.102   1.000   1.000   1.102 
     3   1.000   0.966   1.000   1.000   0.966 
     4   1.000   1.153   1.000   1.000   1.153 
     5   1.000   0.978   1.000   1.000   0.978 
     6   1.025   0.978   1.031   0.993   1.002 
     7   1.000   0.949   1.000   1.000   0.949 
     8   1.000   0.973   1.000   1.000   0.973 
     9   1.000   1.016   1.000   1.000   1.016 
    10   1.000   0.401   1.000   1.000   0.401 
    11   1.000   0.945   1.000   1.000   0.945 
    12   1.146   0.985   1.080   1.061   1.129 
    13   1.000   1.068   1.000   1.000   1.068 
    14   0.807   0.960   1.000   0.807   0.775 
 
 mean    0.996   0.943   1.008   0.988   0.939 
 
 year =    30 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.000   1.000   1.000   1.000 
     2   1.000   1.320   1.000   1.000   1.320 
     3   1.000   1.092   1.000   1.000   1.092 
     4   1.000   0.639   1.000   1.000   0.639 
     5   1.000   1.112   1.000   1.000   1.112 
     6   0.954   1.048   0.961   0.992   0.999 
     7   1.000   1.056   1.000   1.000   1.056 
     8   1.000   0.991   1.000   1.000   0.991 




    10   1.000   1.072   1.000   1.000   1.072 
    11   1.000   1.324   1.000   1.000   1.324 
    12   1.120   1.000   1.064   1.053   1.120 
    13   1.000   1.009   1.000   1.000   1.009 
    14   1.045   0.976   0.912   1.146   1.021 
 
 mean    1.008   1.032   0.995   1.013   1.040 
 
 year =    31 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.972   1.000   1.000   0.972 
     2   1.000   0.962   1.000   1.000   0.962 
     3   1.000   1.003   1.000   1.000   1.003 
     4   0.999   0.836   1.000   0.999   0.835 
     5   1.000   1.050   1.000   1.000   1.050 
     6   1.108   1.005   1.113   0.995   1.113 
     7   1.000   0.964   1.000   1.000   0.964 
     8   1.000   0.994   1.000   1.000   0.994 
     9   0.945   1.007   1.000   0.945   0.951 
    10   1.000   1.289   1.000   1.000   1.289 
    11   0.776   0.862   0.791   0.981   0.669 
    12   1.094   0.979   1.053   1.039   1.070 
    13   1.000   1.040   1.000   1.000   1.040 
    14   0.844   0.995   0.959   0.880   0.840 
 
 mean    0.980   0.992   0.992   0.988   0.972 
 
 
 MALMQUIST INDEX SUMMARY OF ANNUAL MEANS 
 
   year   effch  techch    pech    sech   tfpch 
  
     2   1.009   0.923   0.999   1.011   0.932 
     3   1.014   0.986   1.010   1.004   1.000 
     4   0.992   1.015   0.989   1.003   1.007 
     5   0.968   1.040   0.977   0.991   1.007 
     6   0.999   0.940   1.014   0.984   0.939 
     7   1.012   1.024   0.999   1.013   1.036 
     8   0.980   0.985   0.969   1.011   0.965 
     9   1.018   0.968   1.010   1.008   0.986 
    10   1.000   1.023   1.015   0.986   1.023 
    11   0.984   0.995   0.990   0.993   0.979 
    12   0.979   1.024   0.996   0.983   1.003 
    13   1.007   1.014   0.975   1.033   1.021 
    14   1.012   0.983   1.043   0.970   0.995 
    15   1.002   1.109   1.000   1.002   1.111 
    16   1.006   0.925   1.011   0.996   0.931 
    17   0.989   1.010   1.001   0.989   0.999 
    18   0.976   1.054   1.000   0.976   1.029 
    19   1.044   0.986   1.001   1.043   1.029 
    20   0.931   1.044   0.988   0.942   0.972 
    21   0.981   1.053   0.985   0.995   1.033 
    22   1.003   0.970   1.005   0.997   0.973 
    23   0.984   1.022   0.988   0.996   1.006 
    24   0.995   1.042   0.992   1.003   1.036 
    25   1.042   0.992   1.015   1.027   1.034 
    26   1.016   0.988   0.994   1.022   1.004 




    28   0.970   1.117   0.988   0.982   1.083 
    29   0.996   0.943   1.008   0.988   0.939 
    30   1.008   1.032   0.995   1.013   1.040 
    31   0.980   0.992   0.992   0.988   0.972 
 
 mean    0.999   1.006   0.999   1.000   1.006 
 
 
 MALMQUIST INDEX SUMMARY OF FIRM MEANS 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.996   1.000   1.000   0.996 
     2   1.000   1.021   1.000   1.000   1.021 
     3   1.001   1.022   1.000   1.001   1.023 
     4   1.009   1.007   1.000   1.009   1.016 
     5   1.000   1.008   1.000   1.000   1.008 
     6   1.002   1.005   0.997   1.005   1.007 
     7   1.000   1.005   1.000   1.000   1.005 
     8   1.000   0.940   1.000   1.000   0.940 
     9   1.004   1.017   1.004   1.000   1.020 
    10   1.000   1.025   1.000   1.000   1.025 
    11   0.992   1.010   0.992   0.999   1.001 
    12   1.000   1.015   1.000   1.000   1.015 
    13   1.000   1.014   1.000   1.000   1.014 
    14   0.982   1.010   0.996   0.987   0.992 
 
 mean    0.999   1.006   0.999   1.000   1.006 
  








2               1=ERROR COMPONENTS MODEL, 2=TE EFFECTS MODEL 
LA2-d.txt         DATA FILE NAME 
LA2-o.txt         OUTPUT FILE NAME 
1               1=PRODUCTION FUNCTION, 2=COST FUNCTION 
y               LOGGED DEPENDENT VARIABLE (Y/N) 
14               NUMBER OF CROSS-SECTIONS 
31               NUMBER OF TIME PERIODS 
434              NUMBER OF OBSERVATIONS IN TOTAL 
20               NUMBER OF REGRESSOR VARIABLES (Xs)  
y               MU (Y/N) [OR DELTA0 (Y/N) IF USING TE EFFECTS MODEL] 
2               ETA (Y/N) [OR NUMBER OF TE EFFECTS REGRESSORS (Zs)] 
n               STARTING VALUES (Y/N) 
                IF YES THEN     BETA0               
                                BETA1 TO 
                                BETAK             
                                SIGMA SQUARED 
                                GAMMA 
                                MU              [OR DELTA0 
                                ETA                 DELTA1 TO 
                                                      DELTAP] 
 
                                NOTE: IF YOU ARE SUPPLYING STARTING VALUES 




                                ZERO THEN YOU SHOULD NOT SUPPLY A STARTING 










Output from the program FRONTIER (Version 4.1c) 
 
instruction file = LA2-i.txt    
data file =        LA2-d.txt    
 
 
 Tech. Eff. Effects Frontier (see B&C 1993) 
 The model is a production function 
 The dependent variable is logged 
 
the ols estimates are : 
 
                 coefficient     standard-error    t-ratio 
 
  beta 0         0.37453450E+02  0.69357610E+01  0.54000491E+01 
  beta 1         0.47195392E+01  0.99156788E+00  0.47596733E+01 
  beta 2         0.36433451E+00  0.66422807E+00  0.54850815E+00 
  beta 3        -0.85823696E+01  0.16893595E+01 -0.50802506E+01 
  beta 4         0.44612428E+01  0.11773983E+01  0.37890687E+01 
  beta 5         0.22553674E+00  0.28016135E-01  0.80502446E+01 
  beta 6        -0.29827729E+00  0.52084459E-01 -0.57268003E+01 
  beta 7         0.11399599E-01  0.17408469E-01  0.65483066E+00 
  beta 8         0.61718661E+00  0.10623543E+00  0.58096115E+01 
  beta 9        -0.40975209E+00  0.93545179E-01 -0.43802587E+01 
  beta10         0.49677652E-03  0.13145363E-03  0.37791009E+01 
  beta11        -0.34732618E-02  0.19462672E-02 -0.17845760E+01 
  beta12        -0.34984523E-02  0.12074956E-02 -0.28972795E+01 
  beta13        -0.29718359E-01  0.35399488E-02 -0.83951379E+01 
  beta14         0.32725417E-01  0.32941709E-02  0.99343409E+01 
  beta15        -0.79567898E-01  0.37891907E-01 -0.20998652E+01 
  beta16        -0.59542255E+00  0.10400439E+00 -0.57249750E+01 
  beta17         0.11194583E+01  0.12239779E+00  0.91460667E+01 
  beta18        -0.11692286E+00  0.69903123E-01 -0.16726414E+01 
  beta19         0.23153131E+00  0.59786972E-01  0.38726047E+01 
  beta20        -0.51357653E+00  0.15172521E+00 -0.33849122E+01 
  sigma-squared  0.35927852E-01 
 
log likelihood function =   0.11673784E+03 
 
the estimates after the grid search were : 
 
  beta 0         0.37486977E+02 
  beta 1         0.47195392E+01 
  beta 2         0.36433451E+00 
  beta 3        -0.85823696E+01 
  beta 4         0.44612428E+01 
  beta 5         0.22553674E+00 
  beta 6        -0.29827729E+00 




  beta 8         0.61718661E+00 
  beta 9        -0.40975209E+00 
  beta10         0.49677652E-03 
  beta11        -0.34732618E-02 
  beta12        -0.34984523E-02 
  beta13        -0.29718359E-01 
  beta14         0.32725417E-01 
  beta15        -0.79567898E-01 
  beta16        -0.59542255E+00 
  beta17         0.11194583E+01 
  beta18        -0.11692286E+00 
  beta19         0.23153131E+00 
  beta20        -0.51357653E+00 
  delta 0        0.00000000E+00 
  delta 1        0.00000000E+00 
  delta 2        0.00000000E+00 
  sigma-squared  0.35313470E-01 
  gamma          0.50000000E-01 
  
 iteration =     0  func evals =     20  llf =  0.11670646E+03 
     0.37486977E+02 0.47195392E+01 0.36433451E+00-0.85823696E+01 0.44612428E+01 
     0.22553674E+00-0.29827729E+00 0.11399599E-01 0.61718661E+00-0.40975209E+00 
     0.49677652E-03-0.34732618E-02-0.34984523E-02-0.29718359E-01 0.32725417E-01 
    -0.79567898E-01-0.59542255E+00 0.11194583E+01-0.11692286E+00 0.23153131E+00 
    -0.51357653E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.35313470E-01 
     0.50000000E-01 
 gradient step 
 iteration =     5  func evals =     46  llf =  0.12002232E+03 
     0.37486975E+02 0.47195356E+01 0.36432429E+00-0.85823857E+01 0.44612475E+01 
     0.22552323E+00-0.29830666E+00 0.11309099E-01 0.61709675E+00-0.40962633E+00 
     0.51816798E-03-0.35231500E-02-0.34986732E-02-0.29807921E-01 0.32847611E-01 
    -0.79580138E-01-0.59544350E+00 0.11194953E+01-0.11699496E+00 0.23158213E+00 
    -0.51346255E+00 0.47349077E-05-0.90228458E-02-0.10930296E-03 0.35327259E-01 
     0.49991532E-01 
 iteration =    10  func evals =     70  llf =  0.13552951E+03 
     0.37487260E+02 0.47207670E+01 0.36656495E+00-0.85802182E+01 0.44629269E+01 
     0.22866688E+00-0.30145562E+00 0.61165545E-02 0.61594479E+00-0.41011909E+00 
     0.58800417E-03-0.33212068E-03-0.16637317E-02-0.31427326E-01 0.30681974E-01 
    -0.79118292E-01-0.59456479E+00 0.11176364E+01-0.11266460E+00 0.22963687E+00 
    -0.51064535E+00 0.86508675E-02-0.26529056E-01 0.35513151E-01 0.32146786E-01 
     0.53396816E-01 
 iteration =    15  func evals =     92  llf =  0.14903284E+03 
     0.37492273E+02 0.47321188E+01 0.39176941E+00-0.85469520E+01 0.44765524E+01 
     0.25380321E+00-0.30364022E+00 0.80555099E-02 0.60794006E+00-0.38013468E+00 
     0.70448880E-03 0.44009688E-02-0.52988043E-03-0.34929511E-01 0.28455099E-01 
    -0.96480044E-01-0.59086852E+00 0.11223694E+01-0.97823658E-01 0.20450376E+00 
    -0.51745281E+00 0.20274342E-01-0.54931818E-01 0.74298245E-01 0.31610872E-01 
     0.26449617E+00 
 iteration =    20  func evals =    109  llf =  0.15615257E+03 
     0.37494416E+02 0.47345312E+01 0.41270687E+00-0.85272835E+01 0.44810698E+01 
     0.24699776E+00-0.29802527E+00-0.46580562E-02 0.59967652E+00-0.33962521E+00 
     0.76631298E-03 0.50019454E-02-0.51177951E-03-0.33879736E-01 0.26525449E-01 
    -0.12557980E+00-0.55824896E+00 0.10809330E+01-0.78101042E-01 0.21564521E+00 
    -0.54419646E+00 0.38216614E-01-0.71524964E-01 0.93589254E-01 0.30580973E-01 
     0.39578530E+00 
 iteration =    25  func evals =    129  llf =  0.20904881E+03 
     0.36991153E+02 0.32748230E+01 0.14821873E+01-0.89200787E+01 0.53035744E+01 
     0.22543631E+00-0.18192282E+00-0.45733329E-01 0.63505940E+00-0.84525851E-01 
     0.64796480E-03 0.22338025E-02-0.91943987E-03-0.29966541E-01 0.24702915E-01 




    -0.72739524E+00 0.54277513E+00-0.11352845E+00 0.46124849E-01 0.30965254E-01 
     0.80172184E+00 
 iteration =    30  func evals =    177  llf =  0.24124007E+03 
     0.34292419E+02 0.16788118E+01 0.84316449E+00-0.79498016E+01 0.61780068E+01 
     0.18859412E+00-0.12613570E+00-0.55758992E-01 0.55764877E+00 0.63067895E-01 
     0.43871720E-03-0.33477529E-02-0.28257186E-02-0.24447345E-01 0.26454319E-01 
    -0.89009324E-01-0.18295939E+00 0.46574708E+00-0.50189099E-01 0.19850580E+00 
    -0.80756218E+00 0.34698996E+00-0.11335503E+00 0.83144620E-01 0.32673939E-01 
     0.79751732E+00 
 iteration =    35  func evals =    212  llf =  0.24286535E+03 
     0.24879599E+02 0.11444955E+01 0.62038603E+00-0.56623974E+01 0.50732958E+01 
     0.18014523E+00-0.13196259E+00-0.48285289E-01 0.41909727E+00 0.70450584E-02 
     0.40400024E-03-0.45313055E-02-0.33214044E-02-0.23046909E-01 0.26490549E-01 
    -0.88842870E-01-0.13486685E+00 0.45690000E+00-0.30611083E-01 0.17433994E+00 
    -0.65198449E+00 0.14457826E+01-0.11434479E+00-0.17776218E+00 0.34525716E-01 
     0.80402823E+00 
 iteration =    40  func evals =    320  llf =  0.24799853E+03 
     0.11396073E+02-0.18047076E+00 0.95193063E+00-0.26095807E+01 0.34478943E+01 
     0.17167045E+00-0.87610009E-01-0.51903256E-01 0.24320244E+00-0.16355764E-01 
     0.45827966E-03-0.58978170E-02-0.24432951E-02-0.22545589E-01 0.26380783E-01 
    -0.65963574E-01-0.87880845E-02 0.30349692E+00-0.56521145E-01 0.17098003E+00 
    -0.45221544E+00 0.26400798E+01-0.10639193E+00-0.45523391E+00 0.30193449E-01 
     0.76628729E+00 
 iteration =    45  func evals =    387  llf =  0.24991322E+03 
     0.12547888E+02-0.27954916E+00 0.10212211E+01-0.29257927E+01 0.36983277E+01 
     0.17736544E+00-0.83901823E-01-0.52115287E-01 0.26432305E+00-0.33631827E-02 
     0.49972584E-03-0.52893099E-02-0.21251232E-02-0.23700163E-01 0.26776977E-01 
    -0.59134864E-01-0.24557378E-02 0.29008119E+00-0.64345789E-01 0.17051564E+00 
    -0.47989090E+00 0.23244771E+01-0.10236375E+00-0.38154357E+00 0.27981493E-01 
     0.72912774E+00 
 iteration =    50  func evals =    481  llf =  0.25289992E+03 
     0.10857920E+02-0.62145516E+00 0.11954415E+01-0.26242652E+01 0.36306249E+01 
     0.17312814E+00-0.55797698E-01-0.51808077E-01 0.25149224E+00 0.27089014E-01 
     0.54464375E-03-0.51452476E-02-0.12238849E-02-0.23705762E-01 0.25842679E-01 
    -0.44854682E-01 0.27168263E-01 0.22184902E+00-0.80057244E-01 0.16383206E+00 
    -0.47512652E+00 0.35067485E+01-0.95435509E-01-0.65756097E+00 0.24883698E-01 
     0.68819619E+00 
 iteration =    55  func evals =    606  llf =  0.26335945E+03 
     0.41263703E+01-0.22122429E+01 0.18457169E+01-0.14151328E+01 0.37758271E+01 
     0.13462367E+00 0.12895256E-01-0.47734109E-01 0.19981804E+00 0.16921508E+00 
     0.66299946E-03-0.54347529E-02 0.23637610E-02-0.20622442E-01 0.19840971E-01 
     0.43974226E-02 0.18235366E+00-0.97316814E-02-0.13782960E+00 0.12858059E+00 
    -0.50930447E+00 0.95829030E+01-0.81326763E-01-0.20511956E+01 0.19673229E-01 
     0.54658167E+00 
 iteration =    60  func evals =    728  llf =  0.27797569E+03 
    -0.14769009E+02-0.53406432E+01 0.24276776E+01 0.27922541E+01 0.27321317E+01 
     0.13506969E+00 0.44664481E-01-0.94516772E-01-0.45940119E-01 0.36834364E+00 
     0.87515356E-03-0.47148970E-02 0.35208727E-02-0.21579180E-01 0.18466173E-01 
    -0.11566397E-01 0.59459480E+00-0.41051806E+00-0.12611243E+00 0.13980090E+00 
    -0.47701464E+00 0.11437072E+02-0.95844672E-01-0.23825355E+01 0.17548404E-01 
     0.39903722E+00 
 iteration =    65  func evals =    842  llf =  0.28119571E+03 
    -0.12148312E+02-0.48959767E+01 0.23186969E+01 0.21779920E+01 0.29382222E+01 
     0.14991836E+00 0.19474813E-01-0.90985338E-01-0.55727676E-02 0.33812456E+00 
     0.85976606E-03-0.43634632E-02 0.28081567E-02-0.23391057E-01 0.20597128E-01 
    -0.14958535E-01 0.54310496E+00-0.32904375E+00-0.12466585E+00 0.14676782E+00 
    -0.50260373E+00 0.11132390E+02-0.88409105E-01-0.23212375E+01 0.16687654E-01 
     0.29717335E+00 
 iteration =    70  func evals =    875  llf =  0.28119965E+03 




     0.14992384E+00 0.19185215E-01-0.90982374E-01-0.49726681E-02 0.33801387E+00 
     0.85929975E-03-0.43636668E-02 0.28087953E-02-0.23392545E-01 0.20601276E-01 
    -0.15076625E-01 0.54268907E+00-0.32827684E+00-0.12459556E+00 0.14685042E+00 
    -0.50320764E+00 0.11128137E+02-0.88370091E-01-0.23202927E+01 0.16681253E-01 
     0.29644044E+00 
 
the final mle estimates are : 
 
                 coefficient     standard-error    t-ratio 
 
  beta 0        -0.12099980E+02  0.54056049E+01 -0.22384136E+01 
  beta 1        -0.48913337E+01  0.84995573E+00 -0.57548100E+01 
  beta 2         0.23176824E+01  0.49269155E+00  0.47041246E+01 
  beta 3         0.21673596E+01  0.12967178E+01  0.16714196E+01 
  beta 4         0.29430464E+01  0.90331332E+00  0.32580571E+01 
  beta 5         0.14992384E+00  0.24020836E-01  0.62414083E+01 
  beta 6         0.19185215E-01  0.42021825E-01  0.45655360E+00 
  beta 7        -0.90982374E-01  0.15269680E-01 -0.59583683E+01 
  beta 8        -0.49726681E-02  0.80999096E-01 -0.61391650E-01 
  beta 9         0.33801387E+00  0.80960184E-01  0.41750630E+01 
  beta10         0.85929975E-03  0.11748610E-03  0.73140543E+01 
  beta11        -0.43636668E-02  0.16360697E-02 -0.26671643E+01 
  beta12         0.28087953E-02  0.95778230E-03  0.29326031E+01 
  beta13        -0.23392545E-01  0.30254982E-02 -0.77317993E+01 
  beta14         0.20601276E-01  0.28169441E-02  0.73133421E+01 
  beta15        -0.15076625E-01  0.30423058E-01 -0.49556574E+00 
  beta16         0.54268907E+00  0.96127609E-01  0.56455068E+01 
  beta17        -0.32827684E+00  0.11261621E+00 -0.29150051E+01 
  beta18        -0.12459556E+00  0.50672449E-01 -0.24588422E+01 
  beta19         0.14685042E+00  0.46105483E-01  0.31850965E+01 
  beta20        -0.50320764E+00  0.11414473E+00 -0.44085054E+01 
  delta 0        0.11128137E+02  0.97359251E+00  0.11429974E+02 
  delta 1       -0.88370091E-01  0.53772736E-02 -0.16433996E+02 
  delta 2       -0.23202927E+01  0.22597233E+00 -0.10268039E+02 
  sigma-squared  0.16681253E-01  0.10490001E-02  0.15902051E+02 
  gamma          0.29644044E+00  0.76875899E-01  0.38560907E+01 
 
log likelihood function =   0.28119965E+03 
 
LR test of the one-sided error =   0.32892361E+03 
with number of restrictions = 4 
 [note that this statistic has a mixed chi-square distribution] 
 
number of iterations =     70 
 
(maximum number of iterations set at :   100) 
 
number of cross-sections =     14 
 
number of time periods =     31 
 
total number of observations =    434 
 
thus there are:      0  obsns not in the panel 
 
covariance matrix : 
 
  0.29220564E+02  0.29965483E+01 -0.24151208E-02 -0.68977704E+01  
0.29308896E+01 




 -0.76314872E-05  0.20179894E-02  0.28840106E-04 -0.10406846E-02 -0.24494292E-03 
 -0.16020411E-01 -0.31383583E+00  0.22700107E+00 -0.17874178E-01  0.36348374E-01 
 -0.38156972E+00 -0.88876860E+00  0.75935904E-02  0.16861338E+00  
0.54570286E-03 
 -0.16424470E-01 
  0.29965483E+01  0.72242474E+00  0.33845172E-01 -0.68325364E+00 -0.98530463E-01 
  0.21926202E-02 -0.64131297E-02  0.36265055E-02  0.39999570E-01 -0.37255621E-01 
 -0.43028244E-05  0.34638130E-03 -0.93914257E-04 -0.13089582E-03 -0.15107920E-03 
 -0.55638794E-02 -0.78687386E-01  0.69206349E-01 -0.10244322E-01  0.11738274E-01 
  0.10828420E-01 -0.18463533E+00  0.16841387E-02  0.35437532E-01  0.70401725E-04 
 -0.35225433E-02 
 -0.24151208E-02  0.33845172E-01  0.24274496E+00 -0.88396454E-01 -0.15536654E+00 
  0.84670263E-03  0.76383942E-02 -0.32192147E-02  0.95944913E-02 -0.14331062E-02 
  0.41014872E-05  0.22142423E-03  0.27077564E-03 -0.20958501E-03 -0.23974161E-03 
  0.13631447E-02 -0.39270470E-02 -0.10818123E-01 -0.22979235E-01  0.18002348E-01 
  0.60337075E-02  0.31711390E-01 -0.43387353E-03 -0.57165011E-02 -0.13171568E-04 
  0.14063392E-02 
 -0.68977704E+01 -0.68325364E+00 -0.88396454E-01  0.16814771E+01 -0.70277358E+00 
 -0.28775456E-02 -0.30481752E-03 -0.34828314E-03 -0.10354647E+00 -0.18120875E-01 
  0.21270491E-05 -0.55279109E-03 -0.11073304E-03  0.49085400E-03 -0.25579217E-04 
  0.20302966E-02  0.72533482E-01 -0.48062831E-01  0.13143069E-01 -0.14261693E-01 
  0.96896148E-01  0.17621034E+00 -0.16473722E-02 -0.32742833E-01 -0.10067365E-03 
  0.32032950E-02 
  0.29308896E+01 -0.98530463E-01 -0.15536654E+00 -0.70277358E+00  0.81597495E+00 
 -0.25343544E-03 -0.24492339E-02  0.81516012E-03  0.43194401E-01  0.49089079E-01 
 -0.42233188E-05 -0.34235621E-04 -0.66597273E-04 -0.12034373E-03  0.38229945E-03 
  0.29874078E-02  0.11430602E-01 -0.78806982E-02  0.15520431E-01 -0.13685208E-01 
 -0.97461544E-01  0.23017008E-01  0.18559237E-03 -0.64891112E-02  0.13007053E-04 
 -0.37122656E-03 
  0.60529701E-02  0.21926202E-02  0.84670263E-03 -0.28775456E-02 -0.25343544E-03 
  0.57700056E-03  0.53859464E-04 -0.15938675E-04  0.25741940E-03  0.29720485E-04 
 -0.10007263E-06  0.95863475E-05  0.94879442E-06 -0.70295725E-04  0.50541647E-04 
  0.10266121E-04 -0.26377615E-03  0.89059549E-04 -0.67682159E-04  0.42378843E-04 
 -0.14075214E-03 -0.38838514E-02  0.90953924E-05  0.90989620E-03 -0.41513944E-05 
 -0.23980325E-03 
 -0.89875616E-02 -0.64131297E-02  0.76383942E-02 -0.30481752E-03 -0.24492339E-02 
  0.53859464E-04  0.17658338E-02 -0.14757734E-03  0.11499201E-03  0.16484949E-02 
 -0.15547569E-07  0.18207681E-04  0.21022636E-04 -0.14030111E-04 -0.20556033E-04 
  0.64499745E-03  0.47386082E-03 -0.35937735E-02 -0.57079765E-03 -0.10875642E-03 
  0.38930393E-05  0.55105256E-02 -0.52394439E-04 -0.11711416E-02 -0.10349017E-05 
  0.89197771E-03 
  0.48674188E-02  0.36265055E-02 -0.32192147E-02 -0.34828314E-03  0.81516012E-03 
 -0.15938675E-04 -0.14757734E-03  0.23316311E-03  0.32069157E-04 -0.44986139E-03 
 -0.42533872E-06 -0.36007194E-05 -0.33516214E-05  0.44743214E-05  0.22991219E-05 
  0.24795273E-03 -0.67378540E-03  0.77399182E-03  0.53371331E-04 -0.39801198E-03 
  0.33209208E-03  0.20123990E-02  0.35438506E-04 -0.59708720E-03  0.13438963E-05 
 -0.40951326E-04 
  0.41246615E+00  0.39999570E-01  0.95944913E-02 -0.10354647E+00  0.43194401E-01 
  0.25741940E-03  0.11499201E-03  0.32069157E-04  0.65608536E-02  0.12605510E-02 
 -0.20621036E-06  0.36456478E-04  0.12043092E-04 -0.43864276E-04  0.85663762E-05 
  0.51015877E-04 -0.43791013E-02  0.27281152E-02 -0.12967339E-02  0.10943772E-02 
 -0.61569592E-02 -0.77677426E-02  0.10316291E-03  0.13256211E-02  0.43123256E-05 
 -0.24918882E-03 
  0.57338982E-01 -0.37255621E-01 -0.14331062E-02 -0.18120875E-01  0.49089079E-01 
  0.29720485E-04  0.16484949E-02 -0.44986139E-03  0.12605510E-02  0.65545515E-02 
  0.50899895E-06  0.86017747E-05  0.17126965E-04 -0.24829688E-04  0.11025716E-04 
  0.49093473E-03  0.45167105E-02 -0.68279697E-02  0.91536514E-03 -0.98745615E-03 
 -0.68616777E-02  0.11367120E-01 -0.15992402E-03 -0.20572573E-02 -0.62901173E-05 
  0.74609686E-03 




 -0.10007263E-06 -0.15547569E-07 -0.42533872E-06 -0.20621036E-06  0.50899895E-06 
  0.13802985E-07  0.86903002E-08  0.72929819E-08 -0.41128664E-07  0.15704161E-07 
 -0.57069910E-06  0.11485455E-05 -0.97173688E-06  0.79816228E-07  0.69027854E-06 
 -0.28978626E-06  0.44184710E-05 -0.99204834E-08 -0.82406407E-06 -0.69629749E-08 
 -0.49146103E-06 
  0.20179894E-02  0.34638130E-03  0.22142423E-03 -0.55279109E-03 -0.34235621E-04 
  0.95863475E-05  0.18207681E-04 -0.36007194E-05  0.36456478E-04  0.86017747E-05 
  0.86903002E-08  0.26767242E-05  0.75022466E-06 -0.13697280E-05 -0.16592557E-05 
  0.14213410E-05 -0.38552914E-04 -0.91454597E-05 -0.20357510E-04  0.15333802E-04 
 -0.93940364E-05 -0.14849038E-03 -0.71123283E-06  0.38300789E-04 -0.26048168E-07 
 -0.89508997E-05 
  0.28840106E-04 -0.93914257E-04  0.27077564E-03 -0.11073304E-03 -0.66597273E-04 
  0.94879442E-06  0.21022636E-04 -0.33516214E-05  0.12043092E-04  0.17126965E-04 
  0.72929819E-08  0.75022466E-06  0.91734693E-06 -0.50979226E-06 -0.87566706E-06 
  0.94184366E-05  0.55772588E-05 -0.42571040E-04 -0.25761452E-04  0.12051366E-04 
 -0.27433253E-05  0.34159562E-03 -0.44319331E-06 -0.76979939E-04  0.15964335E-06 
 -0.12909403E-05 
 -0.10406846E-02 -0.13089582E-03 -0.20958501E-03  0.49085400E-03 -0.12034373E-03 
 -0.70295725E-04 -0.14030111E-04  0.44743214E-05 -0.43864276E-04 -0.24829688E-04 
 -0.41128664E-07 -0.13697280E-05 -0.50979226E-06  0.91536391E-05 -0.64146946E-05 
 -0.49865587E-05  0.18508807E-04  0.12755985E-04  0.16912430E-04 -0.96616838E-05 
  0.43881833E-04  0.27607804E-03 -0.13504786E-05 -0.66231470E-04  0.48414127E-06 
  0.38423015E-04 
 -0.24494292E-03 -0.15107920E-03 -0.23974161E-03 -0.25579217E-04  0.38229945E-03 
  0.50541647E-04 -0.20556033E-04  0.22991219E-05  0.85663762E-05  0.11025716E-04 
  0.15704161E-07 -0.16592557E-05 -0.87566706E-06 -0.64146946E-05  0.79351741E-05 
 -0.22013595E-05  0.15047714E-04  0.29752785E-04  0.24023034E-04 -0.16391679E-04 
 -0.51578934E-04 -0.42473392E-03  0.25879794E-05  0.94214526E-04 -0.52892609E-06 
 -0.30879248E-04 
 -0.16020411E-01 -0.55638794E-02  0.13631447E-02  0.20302966E-02  0.29874078E-02 
  0.10266121E-04  0.64499745E-03  0.24795273E-03  0.51015877E-04  0.49093473E-03 
 -0.57069910E-06  0.14213410E-05  0.94184366E-05 -0.49865587E-05 -0.22013595E-05 
  0.92556244E-03 -0.33862973E-04 -0.12150410E-02 -0.46140480E-03 -0.60742161E-03 
  0.11300836E-03  0.74756261E-02  0.15186608E-04 -0.17830068E-02  0.20914109E-07 
  0.12342909E-03 
 -0.31383583E+00 -0.78687386E-01 -0.39270470E-02  0.72533482E-01  0.11430602E-01 
 -0.26377615E-03  0.47386082E-03 -0.67378540E-03 -0.43791013E-02  0.45167105E-02 
  0.11485455E-05 -0.38552914E-04  0.55772588E-05  0.18508807E-04  0.15047714E-04 
 -0.33862973E-04  0.92405171E-02 -0.77785170E-02  0.15085939E-02 -0.85873770E-03 
 -0.18287987E-02  0.14441445E-01 -0.23095482E-03 -0.23610703E-02 -0.93770638E-05 
  0.29345848E-03 
  0.22700107E+00  0.69206349E-01 -0.10818123E-01 -0.48062831E-01 -0.78806982E-02 
  0.89059549E-04 -0.35937735E-02  0.77399182E-03  0.27281152E-02 -0.68279697E-02 
 -0.97173688E-06 -0.91454597E-05 -0.42571040E-04  0.12755985E-04  0.29752785E-04 
 -0.12150410E-02 -0.77785170E-02  0.12682412E-01 -0.90149383E-04  0.88099886E-03 
  0.19229816E-02 -0.17790270E-01  0.28742074E-03  0.30994426E-02  0.10514186E-04 
 -0.16625912E-02 
 -0.17874178E-01 -0.10244322E-01 -0.22979235E-01  0.13143069E-01  0.15520431E-01 
 -0.67682159E-04 -0.57079765E-03  0.53371331E-04 -0.12967339E-02  0.91536514E-03 
  0.79816228E-07 -0.20357510E-04 -0.25761452E-04  0.16912430E-04  0.24023034E-04 
 -0.46140480E-03  0.15085939E-02 -0.90149383E-04  0.25676971E-02 -0.16253283E-02 
 -0.10221744E-02 -0.43036511E-02 -0.10259198E-04  0.10249261E-02  0.16130666E-06 
  0.10823008E-04 
  0.36348374E-01  0.11738274E-01  0.18002348E-01 -0.14261693E-01 -0.13685208E-01 
  0.42378843E-04 -0.10875642E-03 -0.39801198E-03  0.10943772E-02 -0.98745615E-03 
  0.69027854E-06  0.15333802E-04  0.12051366E-04 -0.96616838E-05 -0.16391679E-04 
 -0.60742161E-03 -0.85873770E-03  0.88099886E-03 -0.16253283E-02  0.21257156E-02 
  0.35919366E-03 -0.79308239E-02 -0.15265691E-04  0.18922459E-02 -0.19659402E-05 
 -0.15298680E-03 




 -0.14075214E-03  0.38930393E-05  0.33209208E-03 -0.61569592E-02 -0.68616777E-02 
 -0.28978626E-06 -0.93940364E-05 -0.27433253E-05  0.43881833E-04 -0.51578934E-04 
  0.11300836E-03 -0.18287987E-02  0.19229816E-02 -0.10221744E-02  0.35919366E-03 
  0.13029019E-01 -0.10951776E-02  0.33071416E-04  0.15106421E-03  0.30542083E-05 
  0.12018186E-03 
 -0.88876860E+00 -0.18463533E+00  0.31711390E-01  0.17621034E+00  0.23017008E-01 
 -0.38838514E-02  0.55105256E-02  0.20123990E-02 -0.77677426E-02  0.11367120E-01 
  0.44184710E-05 -0.14849038E-03  0.34159562E-03  0.27607804E-03 -0.42473392E-03 
  0.74756261E-02  0.14441445E-01 -0.17790270E-01 -0.43036511E-02 -0.79308239E-02 
 -0.10951776E-02  0.94788238E+00  0.10120995E-02 -0.21939275E+00  0.12433658E-03 
 -0.72465170E-02 
  0.75935904E-02  0.16841387E-02 -0.43387353E-03 -0.16473722E-02  0.18559237E-03 
  0.90953924E-05 -0.52394439E-04  0.35438506E-04  0.10316291E-03 -0.15992402E-03 
 -0.99204834E-08 -0.71123283E-06 -0.44319331E-06 -0.13504786E-05  0.25879794E-05 
  0.15186608E-04 -0.23095482E-03  0.28742074E-03 -0.10259198E-04 -0.15265691E-04 
  0.33071416E-04  0.10120995E-02  0.28915071E-04 -0.30317825E-03 -0.75600485E-06 
 -0.23877155E-03 
  0.16861338E+00  0.35437532E-01 -0.57165011E-02 -0.32742833E-01 -0.64891112E-02 
  0.90989620E-03 -0.11711416E-02 -0.59708720E-03  0.13256211E-02 -0.20572573E-02 
 -0.82406407E-06  0.38300789E-04 -0.76979939E-04 -0.66231470E-04  0.94214526E-04 
 -0.17830068E-02 -0.23610703E-02  0.30994426E-02  0.10249261E-02  0.18922459E-02 
  0.15106421E-03 -0.21939275E+00 -0.30317825E-03  0.51063495E-01 -0.30737621E-04 
  0.16632328E-02 
  0.54570286E-03  0.70401725E-04 -0.13171568E-04 -0.10067365E-03  0.13007053E-04 
 -0.41513944E-05 -0.10349017E-05  0.13438963E-05  0.43123256E-05 -0.62901173E-05 
 -0.69629749E-08 -0.26048168E-07  0.15964335E-06  0.48414127E-06 -0.52892609E-06 
  0.20914109E-07 -0.93770638E-05  0.10514186E-04  0.16130666E-06 -0.19659402E-05 
  0.30542083E-05  0.12433658E-03 -0.75600485E-06 -0.30737621E-04  0.11004011E-05 
  0.53390400E-05 
 -0.16424470E-01 -0.35225433E-02  0.14063392E-02  0.32032950E-02 -0.37122656E-03 
 -0.23980325E-03  0.89197771E-03 -0.40951326E-04 -0.24918882E-03  0.74609686E-03 
 -0.49146103E-06 -0.89508997E-05 -0.12909403E-05  0.38423015E-04 -0.30879248E-04 
  0.12342909E-03  0.29345848E-03 -0.16625912E-02  0.10823008E-04 -0.15298680E-03 
  0.12018186E-03 -0.72465170E-02 -0.23877155E-03  0.16632328E-02  0.53390400E-05 
  0.59099038E-02 
 
technical efficiency estimates : 
 
     firm  year             eff.-est. 
 
       1     1           0.58110277E+00 
       2     1           0.29415052E+00 
       3     1           0.33335991E+00 
       4     1           0.72123981E+00 
       5     1           0.30162763E+00 
       6     1           0.22323429E+00 
       7     1           0.21883948E+00 
       8     1           0.18184757E+00 
       9     1           0.18851524E+00 
      10     1           0.40839987E+00 
      11     1           0.22737562E+00 
      12     1           0.28487722E+00 
      13     1           0.58599686E+00 
      14     1           0.34628192E+00 
       1     2           0.54118164E+00 
       2     2           0.31076134E+00 
       3     2           0.34810092E+00 
       4     2           0.82307025E+00 
       5     2           0.31172711E+00 




       7     2           0.22456882E+00 
       8     2           0.18529195E+00 
       9     2           0.19940597E+00 
      10     2           0.40883608E+00 
      11     2           0.23037018E+00 
      12     2           0.29920042E+00 
      13     2           0.60003585E+00 
      14     2           0.35020865E+00 
       1     3           0.57310581E+00 
       2     3           0.31832457E+00 
       3     3           0.35764499E+00 
       4     3           0.88483319E+00 
       5     3           0.32552737E+00 
       6     3           0.22810679E+00 
       7     3           0.22854765E+00 
       8     3           0.18845930E+00 
       9     3           0.21135636E+00 
      10     3           0.42591466E+00 
      11     3           0.23705584E+00 
      12     3           0.30537509E+00 
      13     3           0.61677798E+00 
      14     3           0.34484008E+00 
       1     4           0.60639863E+00 
       2     4           0.30969405E+00 
       3     4           0.36746116E+00 
       4     4           0.93245264E+00 
       5     4           0.33026826E+00 
       6     4           0.22850721E+00 
       7     4           0.23027146E+00 
       8     4           0.19209250E+00 
       9     4           0.21233712E+00 
      10     4           0.42401287E+00 
      11     4           0.24092581E+00 
      12     4           0.31142761E+00 
      13     4           0.63793739E+00 
      14     4           0.34359093E+00 
       1     5           0.59044381E+00 
       2     5           0.32726926E+00 
       3     5           0.37654381E+00 
       4     5           0.93086016E+00 
       5     5           0.34004671E+00 
       6     5           0.23605513E+00 
       7     5           0.23073817E+00 
       8     5           0.19702854E+00 
       9     5           0.22435304E+00 
      10     5           0.42293627E+00 
      11     5           0.21122351E+00 
      12     5           0.31495805E+00 
      13     5           0.64692235E+00 
      14     5           0.34262047E+00 
       1     6           0.57945000E+00 
       2     6           0.34965685E+00 
       3     6           0.38822461E+00 
       4     6           0.95834164E+00 
       5     6           0.35352250E+00 
       6     6           0.23622795E+00 
       7     6           0.23521088E+00 
       8     6           0.19969456E+00 
       9     6           0.23281783E+00 




      11     6           0.22107760E+00 
      12     6           0.32095467E+00 
      13     6           0.65623455E+00 
      14     6           0.35519240E+00 
       1     7           0.58528233E+00 
       2     7           0.35656284E+00 
       3     7           0.39111542E+00 
       4     7           0.96640184E+00 
       5     7           0.36515623E+00 
       6     7           0.24069413E+00 
       7     7           0.24139359E+00 
       8     7           0.21302110E+00 
       9     7           0.23493616E+00 
      10     7           0.43194205E+00 
      11     7           0.22561008E+00 
      12     7           0.32660645E+00 
      13     7           0.65391250E+00 
      14     7           0.36299204E+00 
       1     8           0.59938133E+00 
       2     8           0.35104431E+00 
       3     8           0.40192997E+00 
       4     8           0.96616865E+00 
       5     8           0.37514950E+00 
       6     8           0.25210233E+00 
       7     8           0.23995120E+00 
       8     8           0.21700805E+00 
       9     8           0.23354118E+00 
      10     8           0.43571784E+00 
      11     8           0.23024380E+00 
      12     8           0.32851649E+00 
      13     8           0.65927391E+00 
      14     8           0.35569670E+00 
       1     9           0.60319030E+00 
       2     9           0.35294776E+00 
       3     9           0.40976230E+00 
       4     9           0.97159249E+00 
       5     9           0.38658924E+00 
       6     9           0.26616173E+00 
       7     9           0.23984083E+00 
       8     9           0.21895060E+00 
       9     9           0.23523864E+00 
      10     9           0.44669831E+00 
      11     9           0.23601377E+00 
      12     9           0.33192218E+00 
      13     9           0.66183648E+00 
      14     9           0.35395190E+00 
       1    10           0.58356272E+00 
       2    10           0.34703846E+00 
       3    10           0.41421629E+00 
       4    10           0.97526221E+00 
       5    10           0.39642092E+00 
       6    10           0.27509034E+00 
       7    10           0.24660067E+00 
       8    10           0.22510124E+00 
       9    10           0.24449369E+00 
      10    10           0.44639080E+00 
      11    10           0.23410141E+00 
      12    10           0.33447029E+00 
      13    10           0.67200090E+00 




       1    11           0.58017216E+00 
       2    11           0.34807205E+00 
       3    11           0.42089184E+00 
       4    11           0.97210023E+00 
       5    11           0.42220044E+00 
       6    11           0.27780053E+00 
       7    11           0.25350019E+00 
       8    11           0.23162334E+00 
       9    11           0.24969144E+00 
      10    11           0.44445632E+00 
      11    11           0.23350031E+00 
      12    11           0.33139717E+00 
      13    11           0.68694149E+00 
      14    11           0.36192819E+00 
       1    12           0.58848635E+00 
       2    12           0.35185304E+00 
       3    12           0.42973765E+00 
       4    12           0.96756589E+00 
       5    12           0.43421512E+00 
       6    12           0.28498400E+00 
       7    12           0.25960446E+00 
       8    12           0.23719873E+00 
       9    12           0.26284706E+00 
      10    12           0.45116598E+00 
      11    12           0.23178613E+00 
      12    12           0.34168266E+00 
      13    12           0.70743949E+00 
      14    12           0.36215127E+00 
       1    13           0.58612328E+00 
       2    13           0.34242344E+00 
       3    13           0.43618282E+00 
       4    13           0.97000023E+00 
       5    13           0.44267246E+00 
       6    13           0.29307077E+00 
       7    13           0.25927804E+00 
       8    13           0.24188578E+00 
       9    13           0.26921913E+00 
      10    13           0.45620626E+00 
      11    13           0.23398495E+00 
      12    13           0.33701175E+00 
      13    13           0.71525857E+00 
      14    13           0.36250253E+00 
       1    14           0.58042482E+00 
       2    14           0.33632561E+00 
       3    14           0.45606583E+00 
       4    14           0.97673360E+00 
       5    14           0.45356764E+00 
       6    14           0.29947057E+00 
       7    14           0.27037307E+00 
       8    14           0.24722859E+00 
       9    14           0.27550053E+00 
      10    14           0.44866622E+00 
      11    14           0.24257318E+00 
      12    14           0.34179691E+00 
      13    14           0.73470816E+00 
      14    14           0.35663341E+00 
       1    15           0.57468400E+00 
       2    15           0.34699142E+00 
       3    15           0.47033593E+00 




       5    15           0.46372100E+00 
       6    15           0.31243361E+00 
       7    15           0.28147183E+00 
       8    15           0.25840744E+00 
       9    15           0.28582277E+00 
      10    15           0.45502183E+00 
      11    15           0.25287479E+00 
      12    15           0.34479659E+00 
      13    15           0.74826335E+00 
      14    15           0.36815495E+00 
       1    16           0.57834117E+00 
       2    16           0.35634021E+00 
       3    16           0.48193551E+00 
       4    16           0.97388662E+00 
       5    16           0.47248152E+00 
       6    16           0.32303811E+00 
       7    16           0.28578306E+00 
       8    16           0.27372974E+00 
       9    16           0.28799470E+00 
      10    16           0.45828122E+00 
      11    16           0.25470603E+00 
      12    16           0.34209556E+00 
      13    16           0.78525812E+00 
      14    16           0.36660258E+00 
       1    17           0.56340721E+00 
       2    17           0.37205969E+00 
       3    17           0.48963956E+00 
       4    17           0.96796800E+00 
       5    17           0.48521504E+00 
       6    17           0.34209709E+00 
       7    17           0.29189155E+00 
       8    17           0.26531465E+00 
       9    17           0.29229403E+00 
      10    17           0.46663845E+00 
      11    17           0.26326259E+00 
      12    17           0.34561580E+00 
      13    17           0.78709770E+00 
      14    17           0.36680545E+00 
       1    18           0.56000819E+00 
       2    18           0.37743951E+00 
       3    18           0.49743794E+00 
       4    18           0.94071437E+00 
       5    18           0.49295671E+00 
       6    18           0.33798761E+00 
       7    18           0.29231028E+00 
       8    18           0.27499371E+00 
       9    18           0.29359645E+00 
      10    18           0.46596597E+00 
      11    18           0.26806346E+00 
      12    18           0.34876142E+00 
      13    18           0.94862088E+00 
      14    18           0.36769170E+00 
       1    19           0.57013257E+00 
       2    19           0.36483329E+00 
       3    19           0.50058774E+00 
       4    19           0.94765598E+00 
       5    19           0.51224104E+00 
       6    19           0.33179990E+00 
       7    19           0.29731706E+00 




       9    19           0.30272087E+00 
      10    19           0.47302709E+00 
      11    19           0.27179918E+00 
      12    19           0.35490478E+00 
      13    19           0.94873882E+00 
      14    19           0.36978902E+00 
       1    20           0.54188827E+00 
       2    20           0.37491197E+00 
       3    20           0.51278233E+00 
       4    20           0.93592519E+00 
       5    20           0.52288193E+00 
       6    20           0.33755306E+00 
       7    20           0.30850485E+00 
       8    20           0.28589825E+00 
       9    20           0.30435748E+00 
      10    20           0.47799464E+00 
      11    20           0.27089837E+00 
      12    20           0.35618774E+00 
      13    20           0.95334381E+00 
      14    20           0.36744997E+00 
       1    21           0.55393994E+00 
       2    21           0.38597119E+00 
       3    21           0.52092800E+00 
       4    21           0.95987679E+00 
       5    21           0.53887865E+00 
       6    21           0.33946224E+00 
       7    21           0.31639556E+00 
       8    21           0.29251448E+00 
       9    21           0.31485259E+00 
      10    21           0.48711177E+00 
      11    21           0.27302587E+00 
      12    21           0.35972289E+00 
      13    21           0.95172670E+00 
      14    21           0.36734430E+00 
       1    22           0.56158384E+00 
       2    22           0.39092851E+00 
       3    22           0.52811407E+00 
       4    22           0.95319345E+00 
       5    22           0.55299084E+00 
       6    22           0.34865581E+00 
       7    22           0.32329847E+00 
       8    22           0.29495446E+00 
       9    22           0.31739525E+00 
      10    22           0.47931494E+00 
      11    22           0.27849918E+00 
      12    22           0.36014335E+00 
      13    22           0.96906330E+00 
      14    22           0.36031763E+00 
       1    23           0.55352122E+00 
       2    23           0.38549921E+00 
       3    23           0.53979493E+00 
       4    23           0.94994219E+00 
       5    23           0.56472899E+00 
       6    23           0.35008131E+00 
       7    23           0.32959493E+00 
       8    23           0.28900877E+00 
       9    23           0.31857994E+00 
      10    23           0.47480365E+00 
      11    23           0.28341605E+00 




      13    23           0.98112362E+00 
      14    23           0.36272100E+00 
       1    24           0.58942329E+00 
       2    24           0.39384082E+00 
       3    24           0.54322932E+00 
       4    24           0.96394496E+00 
       5    24           0.55825386E+00 
       6    24           0.35255004E+00 
       7    24           0.33039818E+00 
       8    24           0.29635322E+00 
       9    24           0.31239536E+00 
      10    24           0.48100615E+00 
      11    24           0.29632258E+00 
      12    24           0.36987242E+00 
      13    24           0.98249190E+00 
      14    24           0.37073919E+00 
       1    25           0.55436008E+00 
       2    25           0.40817664E+00 
       3    25           0.54098628E+00 
       4    25           0.97474817E+00 
       5    25           0.57601337E+00 
       6    25           0.35389174E+00 
       7    25           0.33658741E+00 
       8    25           0.29573388E+00 
       9    25           0.33461244E+00 
      10    25           0.47091536E+00 
      11    25           0.31117514E+00 
      12    25           0.37134040E+00 
      13    25           0.98814651E+00 
      14    25           0.38425094E+00 
       1    26           0.54254511E+00 
       2    26           0.41197066E+00 
       3    26           0.53746497E+00 
       4    26           0.97124744E+00 
       5    26           0.59186982E+00 
       6    26           0.34739116E+00 
       7    26           0.34091815E+00 
       8    26           0.29555529E+00 
       9    26           0.33784328E+00 
      10    26           0.47738051E+00 
      11    26           0.31328758E+00 
      12    26           0.37751372E+00 
      13    26           0.99010558E+00 
      14    26           0.38431775E+00 
       1    27           0.54471436E+00 
       2    27           0.42143050E+00 
       3    27           0.52836009E+00 
       4    27           0.97290191E+00 
       5    27           0.60182394E+00 
       6    27           0.34533097E+00 
       7    27           0.34316240E+00 
       8    27           0.30088351E+00 
       9    27           0.36444382E+00 
      10    27           0.47281432E+00 
      11    27           0.31781502E+00 
      12    27           0.37812324E+00 
      13    27           0.99201338E+00 
      14    27           0.42503681E+00 
       1    28           0.55517725E+00 




       3    28           0.52494869E+00 
       4    28           0.97497583E+00 
       5    28           0.60758183E+00 
       6    28           0.34468106E+00 
       7    28           0.34282206E+00 
       8    28           0.30761863E+00 
       9    28           0.37713926E+00 
      10    28           0.47046971E+00 
      11    28           0.33274493E+00 
      12    28           0.37462090E+00 
      13    28           0.99188665E+00 
      14    28           0.41315107E+00 
       1    29           0.56334306E+00 
       2    29           0.43177267E+00 
       3    29           0.52089239E+00 
       4    29           0.97812671E+00 
       5    29           0.61464468E+00 
       6    29           0.34690865E+00 
       7    29           0.34219286E+00 
       8    29           0.31015409E+00 
       9    29           0.37733197E+00 
      10    29           0.47291902E+00 
      11    29           0.32807846E+00 
      12    29           0.37571508E+00 
      13    29           0.99195681E+00 
      14    29           0.42935445E+00 
       1    30           0.56952957E+00 
       2    30           0.43113414E+00 
       3    30           0.52762901E+00 
       4    30           0.96041005E+00 
       5    30           0.62584144E+00 
       6    30           0.35062285E+00 
       7    30           0.34680400E+00 
       8    30           0.31673153E+00 
       9    30           0.38596456E+00 
      10    30           0.47524222E+00 
      11    30           0.34261652E+00 
      12    30           0.37889459E+00 
      13    30           0.99151289E+00 
      14    30           0.42797536E+00 
       1    31           0.57177042E+00 
       2    31           0.42788236E+00 
       3    31           0.51677331E+00 
       4    31           0.95695887E+00 
       5    31           0.63060793E+00 
       6    31           0.35818170E+00 
       7    31           0.34613709E+00 
       8    31           0.32192153E+00 
       9    31           0.38659887E+00 
      10    31           0.47479852E+00 
      11    31           0.34277293E+00 
      12    31           0.37922589E+00 
      13    31           0.99153483E+00 
      14    31           0.42935412E+00 
 
 mean efficiency =   0.44305423E+00 
 
summary of panel of observations: 





  t:   1   2   3   4   5   6   7   8   9  10  11  12  13  14  15  16  17  18  19  20  
21  22  23  24  25  26  27  28  29  30  31 
   n 
   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   2   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   3   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   4   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   5   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   6   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   7   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   8   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
   9   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
  10   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
  11   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
  12   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
  13   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
  14   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   
1   1   1   1   1   1   1   1   1   1  31 
 
      14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  






































LA2-d.txt            DATA FILE NAME 
LA2-o.txt            OUTPUT FILE NAME 
14                NUMBER OF FIRMS 
31               NUMBER OF TIME PERIODS  
1                NUMBER OF OUTPUTS 
4                NUMBER OF INPUTS 
1                0=INPUT AND 1=OUTPUT ORIENTATED 
0               0=CRS AND 1=VRS 






Results from DEAP Version 2.1 
  
Instruction file = LA2-i.txt    
Data file          = LA2-d.txt    
  
 Output orientated Malmquist DEA 
  
 
 DISTANCES SUMMARY 
 
 
 year =     1 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.000     1.000     1.273     1.000 
     2     0.000     0.789     0.858     0.820 
     3     0.000     0.765     0.869     1.000 
     4     0.000     0.638     0.652     1.000 
     5     0.000     1.000     1.017     1.000 
     6     0.000     0.813     0.898     1.000 
     7     0.000     1.000     1.037     1.000 
     8     0.000     1.000     1.044     1.000 
     9     0.000     0.497     0.528     0.536 
    10     0.000     1.000     1.036     1.000 
    11     0.000     1.000     1.097     1.000 
    12     0.000     0.628     0.718     0.792 
    13     0.000     1.000     1.019     1.000 





 mean      0.000     0.866     0.937     0.939 
 
 year =     2 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.838     1.000     1.126     1.000 
     2     0.926     1.000     0.904     1.000 
     3     0.778     0.887     0.874     1.000 
     4     0.700     0.716     0.661     1.000 
     5     0.993     1.000     0.958     1.000 
     6     0.781     0.882     0.897     1.000 
     7     1.019     1.000     1.024     1.000 
     8     0.988     1.000     0.997     1.000 
     9     0.530     0.565     0.539     0.578 
    10     0.968     1.000     0.920     1.000 
    11     0.987     1.000     1.006     1.000 
    12     0.660     0.746     0.732     0.811 
    13     1.079     1.000     0.954     1.000 
    14     0.948     1.000     1.083     1.000 
 
 mean      0.871     0.914     0.905     0.956 
 
 year =     3 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.099     1.000     1.090     1.000 
     2     1.133     1.000     1.088     1.000 
     3     0.880     0.865     0.836     1.000 
     4     0.785     0.724     0.705     1.000 
     5     1.057     1.000     1.049     1.000 
     6     0.953     0.969     0.987     1.000 
     7     0.998     1.000     1.057     1.000 
     8     1.028     1.000     0.991     1.000 
     9     0.627     0.599     0.616     0.614 
    10     1.109     1.000     1.067     1.000 
    11     1.039     1.000     1.032     1.000 
    12     0.733     0.714     0.688     0.786 
    13     1.111     1.000     0.966     1.000 
    14     0.929     0.992     0.911     1.000 
 
 mean      0.963     0.919     0.935     0.957 
 
 year =     4 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.116     1.000     1.091     1.000 
     2     0.908     0.985     0.872     1.000 
     3     0.877     0.846     0.889     1.000 
     4     0.770     0.752     0.730     1.000 
     5     0.987     1.000     1.010     1.000 




     7     0.963     1.000     1.116     1.000 
     8     1.039     1.000     1.031     1.000 
     9     0.570     0.585     0.602     0.608 
    10     0.952     1.000     1.050     1.000 
    11     1.015     1.000     1.120     1.000 
    12     0.694     0.667     0.693     0.761 
    13     1.098     1.000     1.032     1.000 
    14     0.946     0.871     0.916     1.000 
 
 mean      0.920     0.905     0.939     0.955 
 
 year =     5 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.996     1.000     1.029     1.000 
     2     1.141     1.000     1.008     1.000 
     3     0.824     0.871     0.863     1.000 
     4     0.686     0.665     0.676     1.000 
     5     1.004     1.000     0.993     1.000 
     6     0.963     0.994     0.954     1.000 
     7     0.977     1.000     0.980     1.000 
     8     1.002     1.000     1.032     1.000 
     9     0.627     0.645     0.604     0.668 
    10     0.953     1.000     0.996     1.000 
    11     0.607     0.662     0.656     0.662 
    12     0.637     0.659     0.653     0.762 
    13     1.031     1.000     1.027     1.000 
    14     0.839     0.881     0.888     1.000 
 
 mean      0.878     0.884     0.883     0.935 
 
 year =     6 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.191     1.000     1.091     1.000 
     2     1.001     1.000     0.961     1.000 
     3     0.888     0.880     0.876     1.000 
     4     0.736     0.747     0.774     1.000 
     5     1.093     1.000     1.016     1.000 
     6     0.930     0.920     0.926     1.000 
     7     0.990     0.970     0.977     1.000 
     8     0.996     1.000     1.004     1.000 
     9     0.668     0.626     0.635     0.646 
    10     1.014     1.000     1.065     1.000 
    11     0.737     0.730     0.709     0.730 
    12     0.678     0.672     0.673     0.768 
    13     1.011     1.000     1.084     1.000 
    14     0.812     0.821     0.809     0.983 
 
 mean      0.910     0.883     0.900     0.938 
 
 year =     7 
 




    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.006     1.000     1.132     1.000 
     2     1.052     1.000     1.114     1.000 
     3     0.815     0.812     0.774     0.963 
     4     0.767     0.796     0.855     1.000 
     5     1.039     1.000     1.067     1.000 
     6     0.946     0.958     0.984     1.000 
     7     0.996     1.000     1.060     1.000 
     8     1.024     1.000     0.997     1.000 
     9     0.590     0.598     0.631     0.617 
    10     0.929     0.981     1.012     1.000 
    11     0.739     0.718     0.691     0.718 
    12     0.692     0.693     0.660     0.811 
    13     0.981     1.000     1.050     1.000 
    14     0.851     0.840     0.903     1.000 
 
 mean      0.888     0.885     0.924     0.936 
 
 year =     8 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.998     1.000     0.988     1.000 
     2     0.921     1.000     0.992     1.000 
     3     0.861     0.821     0.835     1.000 
     4     0.776     0.833     0.850     1.000 
     5     1.041     1.000     1.014     1.000 
     6     0.977     1.000     0.946     1.000 
     7     0.896     0.944     0.924     0.992 
     8     1.029     1.000     1.020     1.000 
     9     0.502     0.515     0.517     0.541 
    10     0.973     0.997     0.943     1.000 
    11     0.717     0.690     0.698     0.690 
    12     0.692     0.659     0.671     0.793 
    13     1.057     1.000     1.045     1.000 
    14     0.770     0.817     0.800     1.000 
 
 mean      0.872     0.877     0.874     0.930 
 
 year =     9 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.051     1.000     1.091     1.000 
     2     1.019     1.000     1.020     1.000 
     3     0.855     0.870     0.880     1.000 
     4     0.905     0.923     0.930     1.000 
     5     0.993     1.000     1.046     1.000 
     6     1.062     1.000     1.049     1.000 
     7     1.002     0.979     0.993     1.000 
     8     1.005     1.000     1.021     1.000 
     9     0.482     0.484     0.502     0.527 
    10     1.059     1.000     1.029     1.000 




    12     0.659     0.673     0.685     0.778 
    13     0.980     1.000     1.011     1.000 
    14     0.782     0.764     0.774     0.961 
 
 mean      0.898     0.887     0.913     0.928 
 
 year =    10 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.996     1.000     1.063     1.000 
     2     1.004     1.000     0.978     1.000 
     3     0.885     0.895     0.865     1.000 
     4     0.878     0.884     0.851     1.000 
     5     0.962     1.000     1.018     1.000 
     6     0.965     1.000     1.026     1.000 
     7     0.987     1.000     0.978     1.000 
     8     1.006     1.000     1.031     1.000 
     9     0.496     0.514     0.523     0.561 
    10     0.983     1.000     1.041     1.000 
    11     0.647     0.669     0.666     0.669 
    12     0.680     0.693     0.679     0.783 
    13     1.014     1.000     0.964     1.000 
    14     0.788     0.799     0.820     1.000 
 
 mean      0.878     0.890     0.893     0.929 
 
 year =    11 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.961     1.000     0.970     1.000 
     2     1.039     1.000     0.937     1.000 
     3     0.911     0.880     0.818     1.000 
     4     0.902     0.868     0.772     1.000 
     5     0.997     1.000     0.981     1.000 
     6     0.924     0.950     0.927     1.000 
     7     1.030     1.000     0.991     1.000 
     8     1.016     1.000     1.048     1.000 
     9     0.509     0.520     0.509     0.556 
    10     0.966     1.000     0.973     1.000 
    11     0.628     0.625     0.596     0.625 
    12     0.662     0.650     0.587     0.732 
    13     1.066     1.000     0.922     1.000 
    14     0.789     0.810     0.777     0.972 
 
 mean      0.886     0.879     0.843     0.920 
 
 year =    12 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.074     1.000     1.005     1.000 




     3     0.905     0.841     0.840     1.000 
     4     0.871     0.774     0.821     1.000 
     5     1.040     1.000     1.009     1.000 
     6     0.895     0.873     0.877     0.940 
     7     1.012     1.000     1.004     1.000 
     8     1.001     1.000     1.041     1.000 
     9     0.575     0.562     0.566     0.591 
    10     1.029     1.000     0.993     1.000 
    11     0.585     0.558     0.554     0.558 
    12     0.719     0.651     0.676     0.765 
    13     1.159     1.000     1.070     1.000 
    14     0.800     0.762     0.772     0.878 
 
 mean      0.911     0.859     0.878     0.909 
 
 year =    13 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.017     1.000     1.022     1.000 
     2     0.949     1.000     1.013     1.000 
     3     0.865     0.865     0.845     1.000 
     4     0.811     0.860     0.865     1.000 
     5     1.010     1.000     0.989     1.000 
     6     0.877     0.881     0.849     0.948 
     7     1.023     1.000     0.918     1.000 
     8     1.004     1.000     1.028     1.000 
     9     0.582     0.586     0.579     0.612 
    10     1.012     1.000     1.043     1.000 
    11     0.533     0.529     0.508     0.529 
    12     0.620     0.643     0.644     0.714 
    13     1.015     1.000     1.015     1.000 
    14     0.750     0.757     0.770     0.893 
 
 mean      0.862     0.866     0.863     0.907 
 
 year =    14 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.064     1.000     1.085     1.000 
     2     1.004     1.000     1.012     1.000 
     3     0.977     0.961     0.940     1.000 
     4     0.893     0.898     0.906     1.000 
     5     1.048     1.000     1.046     1.000 
     6     0.892     0.861     0.859     0.949 
     7     1.099     1.000     0.948     1.000 
     8     1.021     1.000     1.046     1.000 
     9     0.613     0.606     0.616     0.626 
    10     0.924     0.962     0.969     1.000 
    11     0.552     0.530     0.541     0.530 
    12     0.671     0.671     0.666     0.706 
    13     1.028     1.000     1.070     1.000 
    14     0.696     0.701     0.732     0.839 
 





 year =    15 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.986     1.000     1.121     1.000 
     2     1.061     1.000     1.021     1.000 
     3     1.023     1.000     0.947     1.000 
     4     0.900     0.906     0.895     1.000 
     5     0.982     1.000     1.021     1.000 
     6     0.888     0.889     0.916     0.990 
     7     1.063     1.000     1.022     1.000 
     8     1.050     1.000     1.048     1.000 
     9     0.634     0.647     0.640     0.654 
    10     0.960     0.976     0.941     1.000 
    11     0.542     0.554     0.536     0.555 
    12     0.691     0.687     0.651     0.696 
    13     0.991     1.000     0.966     1.000 
    14     0.764     0.802     0.773     0.945 
 
 mean      0.895     0.890     0.893     0.917 
 
 year =    16 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.063     1.000     1.065     1.000 
     2     1.022     1.000     0.977     1.000 
     3     1.064     1.000     1.005     1.000 
     4     0.845     0.834     0.741     1.000 
     5     1.024     1.000     0.999     1.000 
     6     0.919     0.947     0.929     1.000 
     7     0.993     1.000     1.039     1.000 
     8     1.102     1.000     1.144     1.000 
     9     0.643     0.635     0.629     0.638 
    10     0.974     0.937     0.970     1.000 
    11     0.557     0.539     0.532     0.541 
    12     0.642     0.607     0.585     0.611 
    13     1.082     1.000     1.012     1.000 
    14     0.781     0.752     0.763     0.891 
 
 mean      0.908     0.875     0.885     0.906 
 
 year =    17 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.009     1.000     1.001     1.000 
     2     1.110     1.000     0.884     1.000 
     3     1.039     1.000     0.997     1.000 
     4     0.728     0.647     0.599     1.000 
     5     1.027     1.000     0.998     1.000 
     6     1.020     1.000     1.019     1.000 




     8     1.026     1.000     1.019     1.000 
     9     0.649     0.644     0.646     0.644 
    10     0.959     1.000     0.972     1.000 
    11     0.553     0.546     0.536     0.546 
    12     0.607     0.584     0.579     0.586 
    13     1.155     1.000     1.029     1.000 
    14     0.765     0.782     0.754     0.845 
 
 mean      0.904     0.872     0.862     0.901 
 
 year =    18 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.008     1.000     1.040     1.000 
     2     1.268     1.000     1.167     1.000 
     3     1.005     1.000     0.958     1.000 
     4     0.486     0.449     0.495     1.000 
     5     1.033     1.000     1.028     1.000 
     6     0.944     0.960     0.953     0.982 
     7     0.983     1.000     0.979     1.000 
     8     1.042     1.000     0.998     1.000 
     9     0.693     0.697     0.665     0.698 
    10     1.037     1.000     0.958     1.000 
    11     0.545     0.534     0.532     0.535 
    12     0.583     0.575     0.528     0.585 
    13     1.256     1.000     1.066     1.000 
    14     0.762     0.740     0.723     0.761 
 
 mean      0.903     0.854     0.864     0.897 
 
 year =    19 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.067     1.000     1.078     1.000 
     2     0.883     1.000     0.863     1.000 
     3     1.115     1.000     0.946     1.000 
     4     0.452     0.497     0.453     1.000 
     5     0.993     1.000     1.028     1.000 
     6     0.901     0.896     0.851     0.905 
     7     1.051     1.000     0.943     1.000 
     8     1.071     1.000     1.045     1.000 
     9     0.731     0.700     0.662     0.700 
    10     1.063     1.000     0.978     1.000 
    11     0.546     0.543     0.539     0.545 
    12     0.578     0.534     0.506     0.543 
    13     0.993     1.000     1.046     1.000 
    14     0.776     0.761     0.780     0.823 
 
 mean      0.873     0.852     0.837     0.894 
 
 year =    20 
 
   firm      crs te rel to tech in yr      vrs 




              t-1         t       t+1 
  
     1     1.309     1.000     1.038     1.000 
     2     1.410     1.000     0.943     1.000 
     3     1.159     1.000     0.975     1.000 
     4     0.487     0.442     0.426     1.000 
     5     0.991     1.000     0.986     1.000 
     6     0.920     0.875     0.829     0.891 
     7     1.064     1.000     0.966     1.000 
     8     1.030     1.000     0.986     1.000 
     9     0.712     0.669     0.648     0.669 
    10     1.024     1.000     0.948     1.000 
    11     0.576     0.572     0.541     0.573 
    12     0.530     0.496     0.482     0.514 
    13     1.047     1.000     1.039     1.000 
    14     0.724     0.743     0.743     0.776 
 
 mean      0.927     0.843     0.825     0.887 
 
 year =    21 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.409     1.000     1.087     1.000 
     2     1.100     1.000     0.985     1.000 
     3     1.054     1.000     1.000     1.000 
     4     0.525     0.505     0.501     1.000 
     5     1.075     1.000     0.983     1.000 
     6     0.873     0.817     0.796     0.866 
     7     1.043     1.000     0.985     1.000 
     8     1.066     1.000     1.004     1.000 
     9     0.734     0.711     0.698     0.711 
    10     1.056     1.000     1.041     1.000 
    11     0.589     0.558     0.544     0.558 
    12     0.498     0.486     0.487     0.512 
    13     1.010     1.000     1.007     1.000 
    14     0.747     0.747     0.709     0.792 
 
 mean      0.913     0.845     0.845     0.889 
 
 year =    22 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.056     1.000     1.061     1.000 
     2     1.082     1.000     1.108     1.000 
     3     1.028     1.000     0.957     1.000 
     4     0.492     0.488     0.489     1.000 
     5     1.042     1.000     0.991     1.000 
     6     0.881     0.862     0.837     0.914 
     7     1.040     1.000     0.971     1.000 
     8     1.027     1.000     1.090     1.000 
     9     0.709     0.696     0.670     0.696 
    10     0.943     0.979     1.010     1.000 
    11     0.572     0.557     0.540     0.558 




    13     1.043     1.000     0.974     1.000 
    14     0.724     0.688     0.725     0.760 
 
 mean      0.867     0.840     0.849     0.889 
 
 year =    23 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.254     1.000     1.013     1.000 
     2     0.954     1.000     1.019     1.000 
     3     1.056     1.000     0.960     1.000 
     4     0.467     0.468     0.477     1.000 
     5     1.028     1.000     1.077     1.000 
     6     0.876     0.845     0.808     0.877 
     7     1.034     1.000     1.030     1.000 
     8     0.983     1.000     0.978     1.000 
     9     0.703     0.676     0.657     0.676 
    10     0.951     0.981     0.876     1.000 
    11     0.594     0.575     0.590     0.575 
    12     0.488     0.465     0.457     0.497 
    13     1.095     1.000     1.143     1.000 
    14     0.604     0.637     0.551     0.643 
 
 mean      0.863     0.832     0.831     0.876 
 
 year =    24 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.238     1.000     1.446     1.000 
     2     1.055     1.000     0.907     1.000 
     3     1.091     1.000     0.993     1.000 
     4     0.550     0.561     0.515     1.000 
     5     1.037     1.000     0.983     1.000 
     6     0.874     0.836     0.860     0.890 
     7     0.996     1.000     0.981     1.000 
     8     1.068     1.000     1.031     1.000 
     9     0.630     0.611     0.600     0.612 
    10     1.026     0.913     0.920     1.000 
    11     0.630     0.646     0.624     0.647 
    12     0.470     0.460     0.444     0.487 
    13     0.903     1.000     0.882     1.000 
    14     0.682     0.587     0.597     0.729 
 
 mean      0.875     0.830     0.842     0.883 
 
 year =    25 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.943     1.000     1.035     1.000 
     2     1.206     1.000     1.120     1.000 




     4     0.663     0.609     0.616     1.000 
     5     1.053     1.000     0.961     1.000 
     6     0.840     0.854     0.841     0.867 
     7     1.023     1.000     0.987     1.000 
     8     1.053     1.000     1.049     1.000 
     9     0.672     0.684     0.670     0.693 
    10     0.854     0.862     0.856     0.993 
    11     0.732     0.706     0.671     0.707 
    12     0.459     0.440     0.438     0.476 
    13     1.170     1.000     1.035     1.000 
    14     0.620     0.644     0.654     0.720 
 
 mean      0.881     0.843     0.852     0.890 
 
 year =    26 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.025     1.000     1.017     1.000 
     2     1.013     1.000     1.066     1.000 
     3     1.037     1.000     1.032     1.000 
     4     0.619     0.626     0.649     1.000 
     5     1.080     1.000     0.976     1.000 
     6     0.814     0.800     0.805     0.833 
     7     1.050     1.000     1.007     1.000 
     8     0.962     1.000     0.983     1.000 
     9     0.702     0.687     0.690     0.705 
    10     0.909     0.902     0.923     1.000 
    11     0.703     0.669     0.656     0.669 
    12     0.444     0.445     0.455     0.482 
    13     1.009     1.000     0.995     1.000 
    14     0.614     0.629     0.635     0.708 
 
 mean      0.856     0.840     0.849     0.885 
 
 year =    27 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     0.991     1.000     0.991     1.000 
     2     0.960     1.000     0.995     1.000 
     3     0.995     1.000     0.983     1.000 
     4     0.648     0.671     0.654     1.000 
     5     1.048     1.000     1.009     1.000 
     6     0.795     0.794     0.776     0.852 
     7     1.003     1.000     1.002     1.000 
     8     1.026     1.000     0.992     1.000 
     9     0.867     0.867     0.853     0.912 
    10     0.882     0.902     0.888     1.000 
    11     0.683     0.672     0.660     0.672 
    12     0.449     0.459     0.453     0.500 
    13     1.054     1.000     1.016     1.000 
    14     0.762     0.769     0.698     0.824 
 





 year =    28 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.101     1.000     0.967     1.000 
     2     1.024     1.000     0.909     1.000 
     3     1.047     1.000     0.995     1.000 
     4     0.683     0.666     0.611     1.000 
     5     1.018     1.000     1.057     1.000 
     6     0.781     0.766     0.757     0.822 
     7     1.004     1.000     1.005     1.000 
     8     1.017     1.000     1.037     1.000 
     9     0.931     0.914     0.910     0.985 
    10     0.882     0.868     0.823     1.000 
    11     0.755     0.742     0.734     0.742 
    12     0.453     0.447     0.441     0.486 
    13     1.022     1.000     0.971     1.000 
    14     0.686     0.623     0.600     0.746 
 
 mean      0.886     0.859     0.844     0.913 
 
 year =    29 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.040     1.000     1.000     1.000 
     2     1.133     1.000     1.013     1.000 
     3     1.012     1.000     0.905     1.000 
     4     0.696     0.639     0.640     1.000 
     5     1.013     1.000     0.961     1.000 
     6     0.785     0.775     0.751     0.845 
     7     1.002     1.000     0.960     1.000 
     8     0.981     1.000     1.014     1.000 
     9     0.905     0.902     0.864     0.978 
    10     0.886     0.840     0.818     1.000 
    11     0.722     0.714     0.665     0.715 
    12     0.458     0.451     0.423     0.493 
    13     1.108     1.000     1.119     1.000 
    14     0.602     0.580     0.580     0.705 
 
 mean      0.882     0.850     0.837     0.910 
 
 year =    30 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.000     1.000     1.045     1.000 
     2     1.011     1.000     1.018     1.000 
     3     1.150     1.000     1.042     1.000 
     4     0.504     0.504     0.517     1.000 
     5     1.071     1.000     0.985     1.000 
     6     0.799     0.773     0.780     0.801 
     7     1.061     1.000     1.063     1.000 




     9     0.947     0.909     0.912     0.950 
    10     0.853     0.830     0.848     1.000 
    11     0.797     0.742     0.738     0.743 
    12     0.454     0.426     0.438     0.453 
    13     0.942     1.000     0.998     1.000 
    14     0.563     0.564     0.580     0.754 
 
 mean      0.868     0.839     0.855     0.907 
 
 year =    31 
 
   firm      crs te rel to tech in yr      vrs 
    no.      ************************       te 
              t-1         t       t+1 
  
     1     1.000     1.000     0.000     1.000 
     2     0.999     1.000     0.000     1.000 
     3     0.962     1.000     0.000     1.000 
     4     0.465     0.476     0.000     1.000 
     5     1.044     1.000     0.000     1.000 
     6     0.834     0.839     0.000     0.899 
     7     1.001     1.000     0.000     1.000 
     8     0.998     1.000     0.000     1.000 
     9     0.905     0.907     0.000     0.971 
    10     0.830     0.848     0.000     1.000 
    11     0.742     0.738     0.000     0.739 
    12     0.432     0.445     0.000     0.477 
    13     1.048     1.000     0.000     1.000 
    14     0.567     0.582     0.000     0.757 
 
 mean      0.845     0.845     0.000     0.917 
  
 [Note that t-1 in year 1 and t+1 in the final year are not defined] 
 
 
 MALMQUIST INDEX SUMMARY 
 
 year =     2 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.811   1.000   1.000   0.811 
     2   1.268   0.922   1.220   1.039   1.169 
     3   1.159   0.879   1.000   1.159   1.019 
     4   1.122   0.978   1.000   1.122   1.097 
     5   1.000   0.988   1.000   1.000   0.988 
     6   1.084   0.896   1.000   1.084   0.971 
     7   1.000   0.991   1.000   1.000   0.991 
     8   1.000   0.973   1.000   1.000   0.973 
     9   1.137   0.939   1.078   1.055   1.068 
    10   1.000   0.967   1.000   1.000   0.967 
    11   1.000   0.949   1.000   1.000   0.949 
    12   1.187   0.880   1.025   1.159   1.045 
    13   1.000   1.029   1.000   1.000   1.029 
    14   1.000   0.938   1.000   1.000   0.938 
 
 mean    1.065   0.937   1.022   1.042   0.998 
 





   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.988   1.000   1.000   0.988 
     2   1.000   1.119   1.000   1.000   1.119 
     3   0.976   1.015   1.000   0.976   0.991 
     4   1.010   1.084   1.000   1.010   1.096 
     5   1.000   1.050   1.000   1.000   1.050 
     6   1.099   0.983   1.000   1.099   1.080 
     7   1.000   0.987   1.000   1.000   0.987 
     8   1.000   1.015   1.000   1.000   1.015 
     9   1.061   1.047   1.063   0.999   1.111 
    10   1.000   1.098   1.000   1.000   1.098 
    11   1.000   1.016   1.000   1.000   1.016 
    12   0.958   1.023   0.969   0.988   0.979 
    13   1.000   1.080   1.000   1.000   1.080 
    14   0.992   0.930   1.000   0.992   0.923 
 
 mean    1.006   1.030   1.002   1.004   1.037 
 
 year =     4 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.012   1.000   1.000   1.012 
     2   0.985   0.920   1.000   0.985   0.907 
     3   0.978   1.035   1.000   0.978   1.013 
     4   1.039   1.025   1.000   1.039   1.066 
     5   1.000   0.970   1.000   1.000   0.970 
     6   0.994   0.980   1.000   0.994   0.974 
     7   1.000   0.954   1.000   1.000   0.954 
     8   1.000   1.024   1.000   1.000   1.024 
     9   0.976   0.974   0.989   0.987   0.951 
    10   1.000   0.945   1.000   1.000   0.945 
    11   1.000   0.992   1.000   1.000   0.992 
    12   0.934   1.039   0.969   0.964   0.970 
    13   1.000   1.066   1.000   1.000   1.066 
    14   0.878   1.088   1.000   0.878   0.955 
 
 mean    0.984   1.001   0.997   0.987   0.985 
 
 year =     5 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.955   1.000   1.000   0.955 
     2   1.015   1.136   1.000   1.015   1.153 
     3   1.029   0.950   1.000   1.029   0.977 
     4   0.884   1.031   1.000   0.884   0.911 
     5   1.000   0.997   1.000   1.000   0.997 
     6   1.032   0.972   1.000   1.032   1.003 
     7   1.000   0.936   1.000   1.000   0.936 
     8   1.000   0.986   1.000   1.000   0.986 
     9   1.103   0.972   1.098   1.004   1.072 
    10   1.000   0.953   1.000   1.000   0.953 
    11   0.662   0.905   0.662   1.000   0.599 
    12   0.988   0.964   1.000   0.988   0.953 
    13   1.000   0.999   1.000   1.000   0.999 
    14   1.012   0.951   1.000   1.012   0.963 
 





 year =     6 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.076   1.000   1.000   1.076 
     2   1.000   0.997   1.000   1.000   0.997 
     3   1.010   1.009   1.000   1.010   1.020 
     4   1.124   0.985   1.000   1.124   1.106 
     5   1.000   1.049   1.000   1.000   1.049 
     6   0.926   1.026   1.000   0.926   0.950 
     7   0.970   1.021   1.000   0.970   0.990 
     8   1.000   0.983   1.000   1.000   0.983 
     9   0.969   1.068   0.967   1.002   1.036 
    10   1.000   1.009   1.000   1.000   1.009 
    11   1.104   1.009   1.103   1.000   1.114 
    12   1.019   1.009   1.008   1.011   1.029 
    13   1.000   0.992   1.000   1.000   0.992 
    14   0.931   0.991   0.983   0.947   0.923 
 
 mean    1.003   1.016   1.004   0.998   1.018 
 
 year =     7 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.960   1.000   1.000   0.960 
     2   1.000   1.046   1.000   1.000   1.046 
     3   0.923   1.004   0.963   0.958   0.926 
     4   1.066   0.964   1.000   1.066   1.027 
     5   1.000   1.012   1.000   1.000   1.012 
     6   1.041   0.991   1.000   1.041   1.031 
     7   1.031   0.995   1.000   1.031   1.025 
     8   1.000   1.010   1.000   1.000   1.010 
     9   0.957   0.985   0.955   1.002   0.942 
    10   0.981   0.943   1.000   0.981   0.925 
    11   0.983   1.030   0.983   1.000   1.012 
    12   1.032   0.998   1.056   0.977   1.029 
    13   1.000   0.951   1.000   1.000   0.951 
    14   1.023   1.014   1.017   1.006   1.037 
 
 mean    1.002   0.993   0.998   1.004   0.994 
 
 year =     8 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.939   1.000   1.000   0.939 
     2   1.000   0.909   1.000   1.000   0.909 
     3   1.012   1.049   1.038   0.974   1.061 
     4   1.046   0.931   1.000   1.046   0.974 
     5   1.000   0.988   1.000   1.000   0.988 
     6   1.044   0.975   1.000   1.044   1.018 
     7   0.944   0.947   0.992   0.952   0.893 
     8   1.000   1.016   1.000   1.000   1.016 
     9   0.861   0.961   0.876   0.982   0.827 
    10   1.016   0.973   1.000   1.016   0.989 
    11   0.961   1.039   0.961   1.000   0.998 
    12   0.950   1.051   0.978   0.972   0.998 




    14   0.973   0.936   1.000   0.973   0.911 
 
 mean    0.985   0.979   0.988   0.997   0.964 
 
 year =     9 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.032   1.000   1.000   1.032 
     2   1.000   1.013   1.000   1.000   1.013 
     3   1.060   0.983   1.000   1.060   1.042 
     4   1.108   0.980   1.000   1.108   1.086 
     5   1.000   0.990   1.000   1.000   0.990 
     6   1.000   1.060   1.000   1.000   1.060 
     7   1.038   1.023   1.009   1.029   1.061 
     8   1.000   0.993   1.000   1.000   0.993 
     9   0.939   0.997   0.975   0.964   0.936 
    10   1.003   1.058   1.000   1.003   1.061 
    11   1.053   0.988   1.053   1.000   1.041 
    12   1.023   0.980   0.980   1.043   1.003 
    13   1.000   0.968   1.000   1.000   0.968 
    14   0.936   1.022   0.961   0.974   0.956 
 
 mean    1.010   1.006   0.998   1.012   1.016 
 
 year =    10 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.956   1.000   1.000   0.956 
     2   1.000   0.992   1.000   1.000   0.992 
     3   1.029   0.988   1.000   1.029   1.017 
     4   0.958   0.992   1.000   0.958   0.951 
     5   1.000   0.959   1.000   1.000   0.959 
     6   1.000   0.959   1.000   1.000   0.959 
     7   1.021   0.986   1.000   1.021   1.008 
     8   1.000   0.993   1.000   1.000   0.993 
     9   1.061   0.965   1.064   0.998   1.025 
    10   1.000   0.977   1.000   1.000   0.977 
    11   0.921   0.967   0.921   1.000   0.891 
    12   1.028   0.983   1.007   1.021   1.010 
    13   1.000   1.002   1.000   1.000   1.002 
    14   1.045   0.987   1.041   1.004   1.032 
 
 mean    1.004   0.979   1.002   1.002   0.983 
 
 year =    11 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.951   1.000   1.000   0.951 
     2   1.000   1.031   1.000   1.000   1.031 
     3   0.983   1.035   1.000   0.983   1.018 
     4   0.982   1.039   1.000   0.982   1.020 
     5   1.000   0.990   1.000   1.000   0.990 
     6   0.950   0.974   1.000   0.950   0.925 
     7   1.000   1.026   1.000   1.000   1.026 
     8   1.000   0.992   1.000   1.000   0.992 
     9   1.013   0.980   0.992   1.022   0.993 




    11   0.934   1.005   0.934   1.000   0.939 
    12   0.938   1.019   0.935   1.004   0.956 
    13   1.000   1.052   1.000   1.000   1.052 
    14   1.014   0.974   0.972   1.043   0.988 
 
 mean    0.986   1.002   0.988   0.999   0.988 
 
 year =    12 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.052   1.000   1.000   1.052 
     2   1.000   1.077   1.000   1.000   1.077 
     3   0.955   1.076   1.000   0.955   1.028 
     4   0.892   1.125   1.000   0.892   1.004 
     5   1.000   1.030   1.000   1.000   1.030 
     6   0.919   1.025   0.940   0.978   0.942 
     7   1.000   1.010   1.000   1.000   1.010 
     8   1.000   0.977   1.000   1.000   0.977 
     9   1.080   1.023   1.063   1.016   1.104 
    10   1.000   1.029   1.000   1.000   1.029 
    11   0.893   1.049   0.892   1.000   0.936 
    12   1.003   1.105   1.045   0.960   1.108 
    13   1.000   1.121   1.000   1.000   1.121 
    14   0.941   1.046   0.903   1.043   0.985 
 
 mean    0.976   1.052   0.988   0.988   1.027 
 
 year =    13 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.006   1.000   1.000   1.006 
     2   1.000   0.943   1.000   1.000   0.943 
     3   1.029   1.000   1.000   1.029   1.030 
     4   1.110   0.943   1.000   1.110   1.047 
     5   1.000   1.000   1.000   1.000   1.000 
     6   1.009   0.995   1.009   1.000   1.004 
     7   1.000   1.009   1.000   1.000   1.009 
     8   1.000   0.982   1.000   1.000   0.982 
     9   1.042   0.993   1.036   1.006   1.035 
    10   1.000   1.010   1.000   1.000   1.010 
    11   0.949   1.007   0.949   1.000   0.956 
    12   0.988   0.964   0.934   1.057   0.952 
    13   1.000   0.974   1.000   1.000   0.974 
    14   0.993   0.989   1.017   0.976   0.982 
 
 mean    1.008   0.987   0.996   1.012   0.995 
 
 year =    14 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.020   1.000   1.000   1.020 
     2   1.000   0.995   1.000   1.000   0.995 
     3   1.111   1.020   1.000   1.111   1.133 
     4   1.045   0.994   1.000   1.045   1.038 
     5   1.000   1.029   1.000   1.000   1.029 
     6   0.977   1.037   1.001   0.976   1.013 




     8   1.000   0.997   1.000   1.000   0.997 
     9   1.034   1.012   1.022   1.012   1.047 
    10   0.962   0.960   1.000   0.962   0.923 
    11   1.001   1.043   1.001   1.000   1.043 
    12   1.043   1.000   0.988   1.055   1.042 
    13   1.000   1.006   1.000   1.000   1.006 
    14   0.926   0.988   0.940   0.985   0.914 
 
 mean    1.006   1.014   0.996   1.010   1.020 
 
 year =    15 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.953   1.000   1.000   0.953 
     2   1.000   1.024   1.000   1.000   1.024 
     3   1.040   1.023   1.000   1.040   1.064 
     4   1.009   0.992   1.000   1.009   1.001 
     5   1.000   0.969   1.000   1.000   0.969 
     6   1.033   1.001   1.043   0.991   1.034 
     7   1.000   1.059   1.000   1.000   1.059 
     8   1.000   1.002   1.000   1.000   1.002 
     9   1.068   0.982   1.046   1.021   1.049 
    10   1.015   0.988   1.000   1.015   1.003 
    11   1.045   0.979   1.048   0.998   1.023 
    12   1.025   1.007   0.986   1.040   1.032 
    13   1.000   0.963   1.000   1.000   0.963 
    14   1.145   0.955   1.126   1.017   1.094 
 
 mean    1.026   0.992   1.017   1.009   1.018 
 
 year =    16 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.974   1.000   1.000   0.974 
     2   1.000   1.000   1.000   1.000   1.000 
     3   1.000   1.060   1.000   1.000   1.060 
     4   0.920   1.013   1.000   0.920   0.932 
     5   1.000   1.001   1.000   1.000   1.001 
     6   1.065   0.971   1.010   1.054   1.034 
     7   1.000   0.986   1.000   1.000   0.986 
     8   1.000   1.025   1.000   1.000   1.025 
     9   0.981   1.012   0.975   1.007   0.993 
    10   0.960   1.038   1.000   0.960   0.997 
    11   0.975   1.033   0.975   1.000   1.007 
    12   0.883   1.057   0.878   1.006   0.933 
    13   1.000   1.058   1.000   1.000   1.058 
    14   0.937   1.038   0.943   0.993   0.973 
 
 mean    0.979   1.019   0.984   0.995   0.997 
 
 year =    17 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.973   1.000   1.000   0.973 
     2   1.000   1.066   1.000   1.000   1.066 
     3   1.000   1.017   1.000   1.000   1.017 




     5   1.000   1.014   1.000   1.000   1.014 
     6   1.056   1.020   1.000   1.056   1.077 
     7   1.000   0.986   1.000   1.000   0.986 
     8   1.000   0.947   1.000   1.000   0.947 
     9   1.014   1.008   1.009   1.005   1.023 
    10   1.067   0.963   1.000   1.067   1.027 
    11   1.013   1.013   1.010   1.002   1.026 
    12   0.963   1.038   0.959   1.004   1.000 
    13   1.000   1.068   1.000   1.000   1.068 
    14   1.040   0.981   0.948   1.098   1.021 
 
 mean    0.992   1.015   0.995   0.998   1.007 
 
 year =    18 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.003   1.000   1.000   1.003 
     2   1.000   1.198   1.000   1.000   1.198 
     3   1.000   1.004   1.000   1.000   1.004 
     4   0.694   1.081   1.000   0.694   0.750 
     5   1.000   1.017   1.000   1.000   1.017 
     6   0.960   0.983   0.982   0.977   0.944 
     7   1.000   0.972   1.000   1.000   0.972 
     8   1.000   1.012   1.000   1.000   1.012 
     9   1.083   0.995   1.083   1.000   1.078 
    10   1.000   1.033   1.000   1.000   1.033 
    11   0.978   1.020   0.980   0.998   0.997 
    12   0.985   1.011   0.998   0.987   0.996 
    13   1.000   1.105   1.000   1.000   1.105 
    14   0.946   1.034   0.901   1.050   0.978 
 
 mean    0.971   1.032   0.995   0.975   1.001 
 
 year =    19 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.013   1.000   1.000   1.013 
     2   1.000   0.870   1.000   1.000   0.870 
     3   1.000   1.079   1.000   1.000   1.079 
     4   1.107   0.907   1.000   1.107   1.005 
     5   1.000   0.983   1.000   1.000   0.983 
     6   0.933   1.007   0.921   1.012   0.939 
     7   1.000   1.036   1.000   1.000   1.036 
     8   1.000   1.036   1.000   1.000   1.036 
     9   1.004   1.047   1.003   1.000   1.050 
    10   1.000   1.053   1.000   1.000   1.053 
    11   1.017   1.005   1.017   0.999   1.022 
    12   0.929   1.085   0.927   1.002   1.008 
    13   1.000   0.965   1.000   1.000   0.965 
    14   1.029   1.021   1.082   0.951   1.050 
 
 mean    1.001   1.006   0.996   1.005   1.006 
 
 year =    20 
 
   firm   effch  techch    pech    sech   tfpch 
  




     2   1.000   1.278   1.000   1.000   1.278 
     3   1.000   1.107   1.000   1.000   1.107 
     4   0.888   1.101   1.000   0.888   0.978 
     5   1.000   0.982   1.000   1.000   0.982 
     6   0.977   1.052   0.984   0.993   1.028 
     7   1.000   1.062   1.000   1.000   1.062 
     8   1.000   0.993   1.000   1.000   0.993 
     9   0.956   1.061   0.956   1.000   1.014 
    10   1.000   1.024   1.000   1.000   1.024 
    11   1.053   1.007   1.052   1.001   1.060 
    12   0.928   1.063   0.948   0.980   0.986 
    13   1.000   1.001   1.000   1.000   1.001 
    14   0.976   0.976   0.943   1.035   0.952 
 
 mean    0.983   1.055   0.991   0.992   1.038 
 
 year =    21 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.165   1.000   1.000   1.165 
     2   1.000   1.080   1.000   1.000   1.080 
     3   1.000   1.040   1.000   1.000   1.040 
     4   1.143   1.038   1.000   1.143   1.187 
     5   1.000   1.044   1.000   1.000   1.044 
     6   0.933   1.062   0.972   0.960   0.991 
     7   1.000   1.039   1.000   1.000   1.039 
     8   1.000   1.039   1.000   1.000   1.039 
     9   1.062   1.033   1.062   1.000   1.097 
    10   1.000   1.056   1.000   1.000   1.056 
    11   0.976   1.056   0.975   1.001   1.031 
    12   0.980   1.027   0.996   0.984   1.007 
    13   1.000   0.986   1.000   1.000   0.986 
    14   1.005   1.000   1.020   0.985   1.005 
 
 mean    1.006   1.047   1.002   1.004   1.053 
 
 year =    22 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.986   1.000   1.000   0.986 
     2   1.000   1.048   1.000   1.000   1.048 
     3   1.000   1.014   1.000   1.000   1.014 
     4   0.967   1.008   1.000   0.967   0.975 
     5   1.000   1.030   1.000   1.000   1.030 
     6   1.055   1.024   1.055   1.000   1.080 
     7   1.000   1.028   1.000   1.000   1.028 
     8   1.000   1.011   1.000   1.000   1.011 
     9   0.978   1.019   0.978   1.000   0.997 
    10   0.979   0.962   1.000   0.979   0.942 
    11   0.999   1.026   0.999   1.000   1.025 
    12   1.003   1.004   1.009   0.994   1.007 
    13   1.000   1.018   1.000   1.000   1.018 
    14   0.921   1.052   0.959   0.961   0.970 
 
 mean    0.993   1.016   1.000   0.993   1.009 
 





   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.087   1.000   1.000   1.087 
     2   1.000   0.928   1.000   1.000   0.928 
     3   1.000   1.050   1.000   1.000   1.050 
     4   0.958   0.999   1.000   0.958   0.957 
     5   1.000   1.019   1.000   1.000   1.019 
     6   0.981   1.033   0.960   1.022   1.013 
     7   1.000   1.032   1.000   1.000   1.032 
     8   1.000   0.950   1.000   1.000   0.950 
     9   0.972   1.039   0.972   1.000   1.010 
    10   1.002   0.969   1.000   1.002   0.971 
    11   1.031   1.033   1.031   1.001   1.065 
    12   0.954   1.048   0.962   0.992   1.000 
    13   1.000   1.060   1.000   1.000   1.060 
    14   0.926   0.949   0.846   1.094   0.879 
 
 mean    0.987   1.013   0.983   1.005   1.000 
 
 year =    24 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.106   1.000   1.000   1.106 
     2   1.000   1.017   1.000   1.000   1.017 
     3   1.000   1.066   1.000   1.000   1.066 
     4   1.199   0.981   1.000   1.199   1.176 
     5   1.000   0.981   1.000   1.000   0.981 
     6   0.989   1.046   1.014   0.975   1.034 
     7   1.000   0.984   1.000   1.000   0.984 
     8   1.000   1.045   1.000   1.000   1.045 
     9   0.904   1.030   0.904   1.000   0.931 
    10   0.931   1.122   1.000   0.931   1.044 
    11   1.125   0.974   1.125   1.000   1.096 
    12   0.988   1.020   0.981   1.007   1.008 
    13   1.000   0.889   1.000   1.000   0.889 
    14   0.922   1.159   1.134   0.813   1.068 
 
 mean    1.002   1.028   1.010   0.992   1.029 
 
 year =    25 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.808   1.000   1.000   0.808 
     2   1.000   1.153   1.000   1.000   1.153 
     3   1.000   1.024   1.000   1.000   1.024 
     4   1.086   1.089   1.000   1.086   1.183 
     5   1.000   1.035   1.000   1.000   1.035 
     6   1.022   0.978   0.974   1.050   1.000 
     7   1.000   1.021   1.000   1.000   1.021 
     8   1.000   1.011   1.000   1.000   1.011 
     9   1.118   1.001   1.132   0.987   1.120 
    10   0.944   0.991   0.993   0.951   0.936 
    11   1.093   1.036   1.094   0.999   1.132 
    12   0.957   1.039   0.976   0.981   0.994 
    13   1.000   1.152   1.000   1.000   1.152 
    14   1.097   0.973   0.987   1.111   1.067 
 





 year =    26 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.995   1.000   1.000   0.995 
     2   1.000   0.951   1.000   1.000   0.951 
     3   1.000   1.021   1.000   1.000   1.021 
     4   1.028   0.988   1.000   1.028   1.016 
     5   1.000   1.060   1.000   1.000   1.060 
     6   0.937   1.016   0.960   0.975   0.952 
     7   1.000   1.031   1.000   1.000   1.031 
     8   1.000   0.958   1.000   1.000   0.958 
     9   1.005   1.021   1.018   0.987   1.026 
    10   1.047   1.008   1.008   1.039   1.055 
    11   0.947   1.052   0.946   1.000   0.996 
    12   1.011   1.001   1.012   0.999   1.013 
    13   1.000   0.988   1.000   1.000   0.988 
    14   0.977   0.980   0.984   0.993   0.957 
 
 mean    0.996   1.005   0.995   1.001   1.001 
 
 year =    27 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.987   1.000   1.000   0.987 
     2   1.000   0.949   1.000   1.000   0.949 
     3   1.000   0.982   1.000   1.000   0.982 
     4   1.072   0.966   1.000   1.072   1.035 
     5   1.000   1.036   1.000   1.000   1.036 
     6   0.993   0.997   1.023   0.970   0.990 
     7   1.000   0.998   1.000   1.000   0.998 
     8   1.000   1.021   1.000   1.000   1.021 
     9   1.262   0.998   1.293   0.976   1.260 
    10   1.000   0.977   1.000   1.000   0.977 
    11   1.004   1.019   1.004   1.000   1.023 
    12   1.030   0.978   1.038   0.993   1.008 
    13   1.000   1.029   1.000   1.000   1.029 
    14   1.222   0.991   1.164   1.050   1.210 
 
 mean    1.039   0.995   1.034   1.004   1.033 
 
 year =    28 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.054   1.000   1.000   1.054 
     2   1.000   1.015   1.000   1.000   1.015 
     3   1.000   1.032   1.000   1.000   1.032 
     4   0.992   1.026   1.000   0.992   1.018 
     5   1.000   1.005   1.000   1.000   1.005 
     6   0.965   1.022   0.965   1.000   0.986 
     7   1.000   1.001   1.000   1.000   1.001 
     8   1.000   1.013   1.000   1.000   1.013 
     9   1.053   1.018   1.081   0.975   1.072 
    10   0.962   1.016   1.000   0.962   0.977 
    11   1.104   1.018   1.104   1.000   1.124 
    12   0.974   1.013   0.971   1.003   0.987 




    14   0.811   1.101   0.906   0.895   0.893 
 
 mean    0.988   1.024   1.001   0.987   1.011 
 
 year =    29 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.037   1.000   1.000   1.037 
     2   1.000   1.116   1.000   1.000   1.116 
     3   1.000   1.009   1.000   1.000   1.009 
     4   0.959   1.090   1.000   0.959   1.046 
     5   1.000   0.979   1.000   1.000   0.979 
     6   1.012   1.013   1.029   0.984   1.025 
     7   1.000   0.999   1.000   1.000   0.999 
     8   1.000   0.973   1.000   1.000   0.973 
     9   0.987   1.004   0.993   0.994   0.991 
    10   0.968   1.054   1.000   0.968   1.021 
    11   0.963   1.010   0.963   1.000   0.973 
    12   1.010   1.014   1.016   0.994   1.024 
    13   1.000   1.068   1.000   1.000   1.068 
    14   0.930   1.040   0.945   0.984   0.967 
 
 mean    0.988   1.028   0.996   0.992   1.015 
 
 year =    30 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   1.000   1.000   1.000   1.000 
     2   1.000   0.999   1.000   1.000   0.999 
     3   1.000   1.127   1.000   1.000   1.127 
     4   0.789   0.999   1.000   0.789   0.789 
     5   1.000   1.056   1.000   1.000   1.056 
     6   0.997   1.033   0.948   1.052   1.030 
     7   1.000   1.051   1.000   1.000   1.051 
     8   1.000   0.991   1.000   1.000   0.991 
     9   1.009   1.043   0.971   1.038   1.052 
    10   0.987   1.028   1.000   0.987   1.015 
    11   1.038   1.074   1.039   1.000   1.116 
    12   0.943   1.066   0.918   1.028   1.006 
    13   1.000   0.918   1.000   1.000   0.918 
    14   0.973   0.999   1.069   0.911   0.973 
 
 mean    0.979   1.026   0.996   0.984   1.005 
 
 year =    31 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.978   1.000   1.000   0.978 
     2   1.000   0.991   1.000   1.000   0.991 
     3   1.000   0.961   1.000   1.000   0.961 
     4   0.943   0.977   1.000   0.943   0.921 
     5   1.000   1.030   1.000   1.000   1.030 
     6   1.085   0.993   1.122   0.967   1.077 
     7   1.000   0.971   1.000   1.000   0.971 
     8   1.000   0.994   1.000   1.000   0.994 
     9   0.998   0.998   1.022   0.976   0.995 




    11   0.995   1.005   0.995   1.000   1.000 
    12   1.045   0.971   1.054   0.991   1.015 
    13   1.000   1.025   1.000   1.000   1.025 
    14   1.032   0.974   1.004   1.028   1.005 
 
 mean    1.008   0.989   1.014   0.995   0.997 
 
 
 MALMQUIST INDEX SUMMARY OF ANNUAL MEANS 
 
   year   effch  techch    pech    sech   tfpch 
  
     2   1.065   0.937   1.022   1.042   0.998 
     3   1.006   1.030   1.002   1.004   1.037 
     4   0.984   1.001   0.997   0.987   0.985 
     5   0.974   0.978   0.978   0.997   0.953 
     6   1.003   1.016   1.004   0.998   1.018 
     7   1.002   0.993   0.998   1.004   0.994 
     8   0.985   0.979   0.988   0.997   0.964 
     9   1.010   1.006   0.998   1.012   1.016 
    10   1.004   0.979   1.002   1.002   0.983 
    11   0.986   1.002   0.988   0.999   0.988 
    12   0.976   1.052   0.988   0.988   1.027 
    13   1.008   0.987   0.996   1.012   0.995 
    14   1.006   1.014   0.996   1.010   1.020 
    15   1.026   0.992   1.017   1.009   1.018 
    16   0.979   1.019   0.984   0.995   0.997 
    17   0.992   1.015   0.995   0.998   1.007 
    18   0.971   1.032   0.995   0.975   1.001 
    19   1.001   1.006   0.996   1.005   1.006 
    20   0.983   1.055   0.991   0.992   1.038 
    21   1.006   1.047   1.002   1.004   1.053 
    22   0.993   1.016   1.000   0.993   1.009 
    23   0.987   1.013   0.983   1.005   1.000 
    24   1.002   1.028   1.010   0.992   1.029 
    25   1.021   1.019   1.010   1.011   1.041 
    26   0.996   1.005   0.995   1.001   1.001 
    27   1.039   0.995   1.034   1.004   1.033 
    28   0.988   1.024   1.001   0.987   1.011 
    29   0.988   1.028   0.996   0.992   1.015 
    30   0.979   1.026   0.996   0.984   1.005 
    31   1.008   0.989   1.014   0.995   0.997 
 
 mean    0.999   1.009   0.999   1.000   1.008 
 
 
 MALMQUIST INDEX SUMMARY OF FIRM MEANS 
 
   firm   effch  techch    pech    sech   tfpch 
  
     1   1.000   0.997   1.000   1.000   0.997 
     2   1.008   1.022   1.007   1.001   1.031 
     3   1.009   1.021   1.000   1.009   1.030 
     4   0.990   1.014   1.000   0.990   1.004 
     5   1.000   1.009   1.000   1.000   1.009 
     6   1.001   1.003   0.996   1.005   1.004 
     7   1.000   1.007   1.000   1.000   1.007 
     8   1.000   0.998   1.000   1.000   0.998 
     9   1.020   1.007   1.020   1.000   1.027 




    11   0.990   1.011   0.990   1.000   1.001 
    12   0.989   1.014   0.983   1.005   1.003 
    13   1.000   1.016   1.000   1.000   1.016 
    14   0.982   1.001   0.991   0.991   0.983 
 
 mean    0.999   1.009   0.999   1.000   1.008 
  
 [Note that all Malmquist index averages are geometric means] 
 
 
3. Materials for Chapter 2 
a. Data on each country 
The Bahamas Output Labor Fertilizer Tractor Livestock Land CO2 
1991 12,973 6 300 116 23,524 12 0.01 
1992 13,088 6 300 119 25,933 12 0.01 
1993 13,131 6 200 122 25,759 12 0.01 
1994 12,701 6 200 125 21,947 12 0.01 
1995 16,623 6 200 128 38,363 12 0.01 
1996 19,231 6 400 98 50,985 12 0.01 
1997 17,961 6 300 100 42,238 12 0.01 
1998 22,516 6 300 110 63,488 12 0.01 
1999 23,070 6 300 115 48,411 12 0.01 
2000 17,289 5 300 120 33,722 13 0.01 
2001 17,986 5 800 120 35,059 14 0.01 
2002 17,815 5 800 120 35,563 14 0.01 
2003 19,615 5 800 120 41,681 14 0.01 
2004 20,393 5 800 120 42,125 14 0.01 
2005 20,393 5 800 120 42,125 14 0.01 









Belize Output Labor Fertilizer Tractor Livestock Land CO2 
1991 63,725 20 5,200 1,100 88,162 130 0.01 
1992 78,188 21 5,800 1,150 105,657 136 0.01 
1993 87,723 21 6,400 1,150 93,473 143 0.01 
1994 77,203 22 4,600 1,150 93,192 143 0.01 
1995 86,513 23 5,000 1,150 74,070 146 0.01 
1996 96,279 23 3,300 1,150 77,693 147 0.01 
1997 100,404 24 4,800 1,150 74,875 148 0.01 
1998 96,522 24 5,638 1,150 79,765 148 0.01 
1999 104,591 25 6,095 1,150 88,104 150 0.01 
2000 117,414 26 6,140 1,150 81,993 149 0.01 
2001 120,525 26 4,700 1,150 94,235 149 0.01 
2002 116,788 27 4,200 1,150 95,689 152 0.01 




2004 133,188 28 29,956 1,150 95,685 152 0.01 
2005 134,701 29 5,670 1,150 95,685 152 0.01 









Rica Output Labor Fertilizer Tractor Livestock Land CO2 
1991 1,182,582 309 116,400 6,500 2,533,988 2,845 459,129 
1992 1,228,655 311 122,800 7,000 2,502,463 2,850 918,259 
1993 1,235,478 313 107,500 7,000 2,507,750 2,840 918,259 
1994 1,293,384 314 129,000 7,000 2,287,413 2,860 2,644,585 
1995 1,373,441 316 122,000 7,000 2,057,388 2,855 2,644,585 
1996 1,415,395 318 149,200 7,000 1,998,738 2,850 2,644,585 
1997 1,421,502 320 191,000 7,000 1,938,988 2,845 2,644,585 
1998 1,501,718 321 199,000 7,000 1,965,119 2,845 2,644,585 
1999 1,572,832 323 184,000 7,000 1,867,613 2,865 4,370,911 
2000 1,587,229 324 172,000 7,000 1,797,513 2,865 4,370,911 
2001 1,599,914 325 113,800 7,000 1,731,563 2,865 4,370,911 
2002 1,554,471 326 131,000 7,000 1,681,119 2,865 4,370,911 
2003 1,586,079 327 129,000 7,000 1,630,075 2,875 4,370,911 
2004 1,596,182 327 150,500 7,000 1,619,525 2,885 4,370,911 
2005 1,765,680 327 176,000 7,000 1,538,625 2,895 4,370,911 






Cuba Output Labor Fertilizer Tractor Livestock Land CO2 
1991 3,021,557 856 365,000 76,621 6,717,900 6,755 1,285,562 
1992 2,661,424 849 249,500 76,539 6,857,557 6,775 3,122,080 
1993 1,974,307 842 172,000 76,458 6,765,601 6,730 3,122,080 
1994 1,980,881 834 124,100 76,377 6,808,489 6,686 3,122,080 
1995 1,874,792 826 244,000 76,295 6,443,841 6,684 3,122,080 
1996 2,193,866 818 235,000 76,214 6,310,784 6,615 3,122,080 
1997 2,108,358 809 239,400 76,133 6,184,793 6,687 3,122,080 
1998 2,005,050 801 169,300 76,052 6,180,648 6,674 3,122,080 
1999 2,326,322 792 150,500 75,971 6,070,248 6,660 3,122,080 
2000 2,692,263 782 130,400 75,890 5,832,170 6,554 3,122,080 
2001 2,678,243 768 143,000 75,808 5,673,329 6,656 3,122,080 
2002 2,736,281 753 80,500 75,727 5,675,541 6,654 3,122,080 
2003 2,770,352 739 47,200 75,646 5,773,076 6,638 3,122,080 




2005 2,187,846 710 49,200 75,484 5,495,438 6,597 8,227,598 









Dominican Output Labor Fertilizer Tractor Livestock Land CO2 
1991 1,358,470 676 94,700 2,300 3,686,463 3,460 0.01 
1992 1,366,272 667 83,900 2,250 3,711,000 3,490 0.01 
1993 1,380,986 657 78,200 2,200 3,773,125 3,490 0.01 
1994 1,341,689 646 90,700 2,150 3,788,000 3,490 0.01 
1995 1,299,453 636 94,000 2,100 3,736,991 3,489 0.01 
1996 1,365,269 626 91,900 2,050 3,988,645 3,469 0.01 
1997 1,389,643 615 108,900 2,000 4,037,159 3,429 0.01 
1998 1,393,855 604 97,800 1,950 3,985,900 3,429 0.01 
1999 1,283,443 594 93,700 1,900 3,343,238 3,425 0.01 
2000 1,327,065 583 86,600 1,868 3,458,975 3,418 0.01 
2001 1,413,461 573 97,600 1,870 3,592,110 3,418 0.01 
2002 1,459,643 563 103,700 1,870 3,635,034 3,418 0.01 
2003 1,460,909 552 91,400 1,870 3,690,343 3,420 0.01 
2004 1,456,835 542 93,700 1,870 3,998,881 3,420 0.01 
2005 1,515,069 532 78,000 1,870 3,840,750 3,420 0.01 










El Salvador Output Labor Fertilizer Tractor Livestock Land CO2 
1991 689,655 716 77,400 3,420 1,537,013 1,468 468,312 
1992 753,469 723 74,900 3,430 1,558,213 1,501 936,624 
1993 708,596 731 75,000 3,430 1,513,131 1,531 1,404,936 
1994 675,774 740 66,000 3,430 1,549,675 1,564 1,873,248 
1995 686,722 748 69,000 3,430 1,412,638 1,605 2,341,560 
1996 704,843 756 91,800 3,430 1,574,224 1,610 2,809,872 
1997 738,345 764 94,400 3,430 1,454,041 1,610 2,809,872 
1998 732,391 771 82,800 3,430 1,336,134 1,644 3,278,184 
1999 785,287 778 78,500 3,430 1,462,050 1,675 3,746,495 
2000 774,552 785 80,300 3,430 1,369,832 1,684 4,223,990 




2002 759,635 795 53,100 3,430 1,711,296 1,704 4,701,485 
2003 743,861 798 54,700 3,430 1,646,133 1,704 4,701,485 
2004 764,011 802 61,600 3,430 1,662,244 1,704 4,701,485 
2005 786,844 805 71,900 3,430 1,662,659 1,704 4,701,485 





Guatemala Output Labor Fertilizer Tractor Livestock Land CO2 
1991 1,515,005 1,622 143,200 4,220 2,680,988 4,285 0.01 
1992 1,565,850 1,640 157,900 4,300 2,889,050 4,285 0.01 
1993 1,575,306 1,657 172,000 4,300 3,038,275 4,482 4,958,597 
1994 1,603,113 1,674 169,000 4,300 2,930,888 4,512 7,713,373 
1995 1,705,471 1,691 186,000 4,300 2,931,298 4,512 7,713,373 
1996 1,781,318 1,709 183,000 4,300 2,962,276 4,512 7,713,373 
1997 1,865,128 1,726 209,300 4,300 3,069,088 4,522 8,631,632 
1998 1,930,210 1,744 172,600 4,300 3,079,288 4,532 9,549,890 
1999 1,935,148 1,763 196,500 4,300 3,209,675 4,542 10,468,149 
2000 1,985,350 1,783 211,500 4,300 3,236,038 4,567 12,763,796 
2001 2,014,875 1,810 207,800 4,300 3,095,400 4,597 15,518,572 
2002 2,033,155 1,838 188,600 4,300 3,158,050 4,627 18,273,348 
2003 2,035,720 1,867 164,800 4,300 3,146,850 4,652 20,568,995 
2004 2,042,785 1,897 215,000 4,300 3,180,600 4,652 20,568,995 
2005 2,122,618 1,929 205,500 4,300 3,093,620 4,652 20,568,995 









Haiti Output Labor Fertilizer Tractor Livestock Land CO2 
1991 654,336 1,973 2,900 180 2,239,625 1,596 0.01 
1992 634,222 1,993 4,300 170 2,509,500 1,595 0.01 
1993 622,269 2,010 4,100 160 2,420,000 1,595 0.01 
1994 624,661 2,026 5,100 150 2,432,000 1,595 0.01 
1995 600,589 2,042 7,400 140 2,453,875 1,590 0.01 
1996 617,140 2,059 7,000 135 2,494,625 1,590 0.01 
1997 633,715 2,076 12,570 136 2,575,500 1,590 0.01 
1998 624,346 2,094 10,928 146 2,689,400 1,590 0.01 
1999 639,554 2,112 8,716 140 2,689,500 1,590 0.01 
2000 673,600 2,129 14,429 140 2,937,330 1,590 0.01 
2001 648,003 2,151 13,924 140 2,948,313 1,590 0.01 




2003 675,982 2,195 13,930 140 2,972,313 1,590 0.01 
2004 657,132 2,217 13,930 140 2,941,750 1,590 0.01 
2005 653,764 2,239 13,930 140 2,941,750 1,590 0.01 






Honduras Output Labor Fertilizer Tractor Livestock Land CO2 
1991 836,264 702 35,601 4,650 2,982,297 3,342 2,020,169 
1992 853,488 711 40,668 4,750 2,935,957 3,355 3,213,905 
1993 878,467 719 55,000 4,874 2,684,128 3,548 20,936,298 
1994 959,768 727 29,500 4,930 2,852,744 3,520 20,936,298 
1995 951,967 735 88,900 4,985 2,691,200 3,480 20,936,298 
1996 1,056,067 742 82,600 5,040 2,724,450 3,480 20,936,298 
1997 1,051,005 748 143,739 5,100 2,668,513 3,395 20,936,298 
1998 1,049,961 754 139,893 5,155 2,555,750 3,395 20,936,298 
1999 955,689 759 163,800 5,200 2,363,890 3,337 20,936,298 
2000 1,022,609 764 180,500 5,200 2,435,688 2,935 20,936,298 
2001 1,052,483 769 151,500 5,200 2,516,563 2,936 21,028,124 
2002 1,349,630 774 50,228 5,300 2,740,489 2,936 21,028,124 
2003 1,478,050 779 58,630 5,300 3,080,167 2,936 21,028,124 
2004 1,469,286 782 53,468 5,300 3,129,432 2,936 21,028,124 
2005 1,549,169 785 62,458 5,300 3,180,006 2,936 21,028,124 







Jamaica Output Labor Fertilizer Tractor Livestock Land CO2 
1991 341,255 275 25,700 3,070 648,100 476 0.01 
1992 371,603 273 21,300 3,080 701,938 476 0.01 
1993 383,997 272 23,400 3,080 690,663 503 36,730 
1994 402,710 271 23,200 3,080 670,625 513 73,461 
1995 411,787 270 26,518 3,080 669,375 513 73,461 
1996 434,976 268 23,800 3,080 670,663 513 73,461 
1997 405,681 267 23,397 3,080 656,938 513 73,461 
1998 394,014 265 23,445 3,080 656,938 513 73,461 
1999 416,686 262 23,043 3,080 675,675 513 73,461 
2000 392,113 260 22,400 3,080 684,425 513 73,461 
2001 412,738 258 20,855 3,080 680,659 513 73,461 
2002 402,513 256 12,781 3,080 676,911 513 73,461 
2003 398,509 253 781 3,080 700,660 513 73,461 




2005 412,964 248 14,723 3,080 700,660 513 73,461 








Nicaragua Output Labor Fertilizer Tractor Livestock Land CO2 
1991 510,673 406 34,400 2,650 3,044,550 4,060 3,213,905 
1992 526,808 406 31,300 2,700 3,354,000 4,120 8,723,458 
1993 526,338 407 27,000 2,700 3,733,638 4,190 15,151,269 
1994 537,702 407 21,800 2,700 3,743,213 4,220 17,906,045 
1995 569,103 406 31,000 2,700 3,264,538 4,553 27,079,449 
1996 584,685 404 40,500 2,700 3,151,438 4,654 36,252,853 
1997 597,085 402 35,700 2,700 3,415,500 4,797 45,426,258 
1998 637,473 400 38,600 2,750 3,312,900 4,890 53,966,064 
1999 699,416 397 36,000 2,800 3,701,650 4,983 62,505,870 
2000 793,281 394 28,900 2,850 3,833,613 5,094 71,679,274 
2001 792,084 392 17,700 2,900 3,884,556 5,140 75,903,264 
2002 816,207 390 19,500 3,000 3,937,413 5,191 80,586,384 
2003 914,358 388 31,200 3,000 4,112,544 5,236 84,718,548 
2004 886,626 386 32,800 3,000 4,026,425 5,281 88,850,712 
2005 985,725 384 23,100 3,000 4,149,181 5,326 92,982,876 







Panama Output Labor Fertilizer Tractor Livestock Land CO2 
1991 515,565 246 25,649 5,047 1,781,963 2,134 633,599 
1992 524,816 247 35,494 5,340 1,803,288 2,150 1,267,197 
1993 533,614 247 32,181 5,640 1,825,175 2,150 1,267,197 
1994 550,878 248 29,950 5,945 1,862,363 2,135 1,267,197 
1995 550,439 249 27,700 6,220 1,864,325 2,132 1,267,197 
1996 563,546 249 44,300 6,500 1,835,000 2,132 1,267,197 
1997 573,017 250 36,387 6,830 1,751,450 2,140 1,900,796 
1998 583,924 250 39,876 7,135 1,815,725 2,149 2,534,394 
1999 592,143 251 34,003 7,500 1,791,763 2,157 3,167,993 
2000 594,409 251 31,183 8,066 1,807,425 2,188 3,801,591 
2001 606,738 250 29,200 8,100 2,005,882 2,230 4,040,338 
2002 611,788 250 22,141 8,100 2,002,358 2,230 4,040,338 
2003 601,982 249 28,034 8,100 1,967,525 2,230 4,040,338 




2005 616,411 247 18,884 8,100 2,051,575 2,230 4,040,338 









Rico Output Labor Fertilizer Tractor Livestock Land CO2 
1991 350,533 51 169,352 2,780 842,261 420 0 
1992 336,952 48 144,056 2,552 671,189 410 0 
1993 329,475 46 145,042 2,612 675,368 311 0 
1994 313,021 44 140,225 2,672 677,701 309 0 
1995 302,202 42 136,958 2,732 615,010 309 0 
1996 290,588 40 136,620 2,792 609,645 309 0 
1997 286,107 38 156,817 2,852 616,907 291 0 
1998 294,031 36 167,859 2,971 612,180 273 0 
1999 250,724 34 165,042 2,981 609,731 260 0 
2000 280,994 33 185,408 2,992 603,416 247 0 
2001 266,395 31 180,394 3,002 607,234 235 0 
2002 262,762 29 183,662 3,023 607,768 222 0 
2003 258,568 28 196,563 3,043 584,231 223 18,365 
2004 263,056 26 199,437 3,063 533,053 222 18,365 
2005 238,231 25 131,513 3,083 558,071 223 36,730 







Trinidad&Tobago Output Labor Fertilizer Tractor Livestock Land CO2 
1991 94,552 52 8,100 4,500 232,884 131 0 
1992 93,675 52 9,600 4,550 219,591 133 64,278 
1993 98,123 52 5,400 4,600 247,394 133 64,278 
1994 98,171 51 5,400 4,650 227,194 133 64,278 
1995 99,606 51 7,000 4,700 254,844 133 64,278 
1996 100,627 51 10,400 4,750 257,381 133 64,278 
1997 94,362 51 10,600 4,800 240,115 133 64,278 
1998 83,454 50 7,100 4,850 243,425 133 64,278 
1999 91,342 50 5,800 4,900 254,750 133 64,278 
2000 106,027 50 6,200 4,950 298,714 133 64,278 
2001 107,515 49 6,200 5,000 365,265 133 64,278 
2002 130,117 49 4,400 5,100 449,825 133 64,278 
2003 116,144 48 4,400 5,100 403,331 133 64,278 




2005 108,842 47 6,000 5,130 412,913 133 64,278 






b. Output Distance Function with fertilizer 
Input Elasticity Calculation 
Input Elasticity Labor Fertilizer Tractor Livestock Land Time 
countries year x1 x2 x3 x4 x5 T 
1 1 1.025  0.323  0.740  0.591  -1.852  0.049  
2 1 -0.667  0.299  0.444  -0.056  0.904  0.063  
3 1 -0.189  0.339  0.171  0.082  0.969  0.028  
4 1 -0.246  0.135  -0.556  0.386  1.436  0.016  
5 1 0.092  -0.042  0.761  0.536  0.521  0.031  
6 1 0.781  0.030  0.119  1.183  -0.835  0.014  
7 1 -0.025  -0.281  0.501  1.063  0.463  0.036  
8 1 2.315  -0.298  1.434  1.730  -2.750  0.047  
9 1 0.651  0.219  0.277  0.551  -0.093  0.038  
10 1 0.568  -0.183  0.198  1.212  -0.610  0.023  
11 1 0.231  0.435  0.566  -0.044  0.570  0.048  
12 1 0.142  0.388  0.241  0.035  0.643  0.046  
13 1 -0.588  0.222  0.292  0.086  0.994  0.000  
14 1 0.387  0.015  -0.115  0.810  -0.339  0.027  
1 2 1.091  0.327  0.735  0.572  -1.883  0.044  
2 2 -0.588  0.295  0.441  -0.061  0.863  0.057  
3 2 -0.210  0.344  0.135  0.062  1.019  0.026  
4 2 -0.121  0.160  -0.550  0.337  1.370  0.018  
5 2 0.106  -0.033  0.779  0.488  0.555  0.031  
6 2 0.791  0.043  0.118  1.146  -0.808  0.013  
7 2 0.005  -0.283  0.492  1.055  0.454  0.031  
8 2 2.307  -0.298  1.439  1.734  -2.762  0.037  
9 2 0.609  0.220  0.259  0.536  -0.037  0.035  
10 2 0.665  -0.175  0.210  1.179  -0.654  0.022  
11 2 0.331  0.458  0.558  -0.078  0.511  0.045  
12 2 0.065  0.392  0.201  0.021  0.726  0.040  
13 2 -0.733  0.233  0.322  0.006  1.180  0.006  
14 2 0.658  0.253  -0.337  0.768  -0.769  0.018  
1 3 1.182  0.333  0.745  0.530  -1.901  0.048  
2 3 -0.770  0.296  0.449  -0.131  1.099  0.059  
3 3 -0.173  0.345  0.140  0.038  1.021  0.026  
4 3 -0.032  0.172  -0.538  0.294  1.343  0.021  
5 3 0.123  -0.026  0.792  0.448  0.578  0.029  
6 3 0.758  0.050  0.116  1.111  -0.743  0.013  
7 3 0.467  0.030  0.229  1.001  -0.197  0.019  
8 3 2.295  -0.297  1.460  1.708  -2.730  0.037  
9 3 0.445  0.247  0.224  0.481  0.141  0.033  
10 3 0.933  0.065  0.016  1.103  -1.042  0.014  
11 3 0.444  0.476  0.565  -0.114  0.445  0.043  
12 3 0.087  0.392  0.188  -0.006  0.754  0.040  




14 3 0.892  0.266  -0.310  0.728  -0.916  0.020  
1 4 1.048  0.327  0.733  0.493  -1.732  0.050  
2 4 -0.663  0.292  0.458  -0.135  1.031  0.061  
3 4 -0.280  0.355  0.118  0.009  1.133  0.024  
4 4 0.052  0.179  -0.523  0.253  1.320  0.023  
5 4 0.073  -0.021  0.796  0.414  0.648  0.026  
6 4 0.797  0.059  0.123  1.074  -0.735  0.012  
7 4 0.446  0.035  0.225  0.974  -0.149  0.018  
8 4 2.246  -0.299  1.473  1.695  -2.684  0.032  
9 4 0.660  0.253  0.248  0.449  0.009  0.037  
10 4 0.898  0.079  0.014  1.056  -0.970  0.014  
11 4 0.490  0.484  0.575  -0.154  0.451  0.044  
12 4 0.118  0.390  0.173  -0.024  0.765  0.038  
13 4 -0.499  0.209  0.240  0.107  0.885  -0.008  
14 4 0.806  0.269  -0.314  0.681  -0.788  0.021  
1 5 1.467  0.345  0.745  0.507  -2.113  0.034  
2 5 -0.868  0.272  0.451  -0.155  1.255  0.065  
3 5 -0.352  0.350  0.118  -0.020  1.237  0.026  
4 5 -0.179  0.171  -0.552  0.242  1.522  0.015  
5 5 0.040  -0.016  0.804  0.375  0.711  0.024  
6 5 0.691  0.061  0.123  1.031  -0.594  0.013  
7 5 0.418  0.031  0.221  0.960  -0.102  0.015  
8 5 2.164  -0.302  1.479  1.691  -2.624  0.026  
9 5 0.336  0.230  0.191  0.480  0.252  0.022  
10 5 0.852  0.079  0.009  1.032  -0.903  0.010  
11 5 0.214  0.493  0.573  -0.238  0.768  0.044  
12 5 0.131  0.389  0.161  -0.048  0.795  0.037  
13 5 -0.605  0.219  0.236  0.037  1.047  -0.006  
14 5 0.819  0.269  -0.324  0.673  -0.792  0.013  
1 6 1.524  0.356  0.817  0.521  -2.247  0.016  
2 6 -0.739  0.281  0.475  -0.200  1.201  0.068  
3 6 -0.429  0.344  0.109  -0.034  1.324  0.022  
4 6 -0.192  0.170  -0.550  0.213  1.569  0.014  
5 6 0.087  -0.008  0.817  0.344  0.697  0.021  
6 6 0.701  0.062  0.112  1.030  -0.604  0.005  
7 6 0.428  0.029  0.223  0.942  -0.084  0.014  
8 6 2.192  -0.301  1.495  1.669  -2.625  0.024  
9 6 0.360  0.228  0.192  0.460  0.265  0.021  
10 6 0.869  0.082  0.017  0.996  -0.875  0.010  
11 6 0.091  0.497  0.564  -0.277  0.910  0.041  
12 6 -0.016  0.380  0.127  -0.056  0.938  0.030  
13 6 -0.649  0.232  0.233  -0.028  1.146  -0.007  
14 6 0.714  0.264  -0.344  0.664  -0.692  0.006  
1 7 1.445  0.354  0.817  0.470  -2.108  0.023  
2 7 -0.856  0.264  0.457  -0.186  1.300  0.062  
3 7 -0.519  0.338  0.097  -0.047  1.418  0.018  
4 7 -0.236  0.176  -0.546  0.169  1.653  0.013  
5 7 0.048  -0.006  0.818  0.320  0.747  0.016  
6 7 0.629  0.056  0.109  1.007  -0.508  0.005  
7 7 0.419  0.028  0.217  0.929  -0.060  0.009  
8 7 2.060  -0.310  1.469  1.675  -2.518  0.014  




10 7 0.849  0.085  0.017  0.964  -0.823  0.009  
11 7 0.150  0.513  0.579  -0.330  0.911  0.040  
12 7 -0.006  0.385  0.113  -0.091  0.980  0.032  
13 7 -0.654  0.234  0.210  -0.040  1.159  -0.013  
14 7 0.649  0.263  -0.350  0.633  -0.596  0.006  
1 8 1.740  0.363  0.800  0.476  -2.353  0.011  
2 8 -0.855  0.266  0.452  -0.202  1.315  0.057  
3 8 -0.526  0.337  0.097  -0.068  1.452  0.015  
4 8 -0.156  0.185  -0.530  0.123  1.638  0.015  
5 8 0.051  0.002  0.833  0.274  0.789  0.016  
6 8 0.578  0.059  0.116  0.960  -0.407  0.008  
7 8 0.470  0.031  0.225  0.902  -0.066  0.010  
8 8 2.122  -0.311  1.452  1.655  -2.527  0.013  
9 8 0.190  0.210  0.153  0.456  0.430  0.012  
10 8 0.838  0.088  0.018  0.932  -0.778  0.007  
11 8 0.077  0.517  0.574  -0.374  1.023  0.038  
12 8 -0.011  0.389  0.094  -0.114  1.015  0.028  
13 8 -0.655  0.234  0.181  -0.054  1.176  -0.018  
14 8 0.747  0.277  -0.335  0.577  -0.617  0.009  
1 9 1.516  0.351  0.779  0.431  -2.090  0.016  
2 9 -0.796  0.260  0.453  -0.196  1.272  0.052  
3 9 -0.545  0.344  0.095  -0.102  1.505  0.016  
4 9 -0.155  0.187  -0.522  0.083  1.683  0.016  
5 9 -0.086  0.003  0.840  0.220  0.962  0.020  
6 9 0.643  0.066  0.125  0.931  -0.430  0.005  
7 9 0.468  0.030  0.220  0.890  -0.049  0.005  
8 9 2.182  -0.307  1.476  1.625  -2.547  0.014  
9 9 0.104  0.202  0.136  0.449  0.520  0.010  
10 9 0.849  0.092  0.023  0.898  -0.751  0.005  
11 9 0.150  0.528  0.580  -0.415  1.004  0.035  
12 9 0.012  0.393  0.082  -0.146  1.044  0.029  
13 9 -0.643  0.244  0.172  -0.089  1.191  -0.020  
14 9 0.825  0.281  -0.326  0.546  -0.643  0.008  
1 10 1.039  0.401  0.791  0.176  -1.454  0.028  
2 10 -0.834  0.245  0.447  -0.192  1.320  0.051  
3 10 -0.563  0.343  0.098  -0.131  1.558  0.016  
4 10 -0.151  0.187  -0.516  0.051  1.721  0.016  
5 10 -0.055  0.011  0.853  0.180  0.973  0.018  
6 10 0.582  0.064  0.122  0.904  -0.342  0.005  
7 10 0.453  0.031  0.216  0.872  -0.014  0.003  
8 10 2.115  -0.313  1.457  1.631  -2.498  0.004  
9 10 0.228  0.178  0.098  0.534  0.339  0.001  
10 10 0.856  0.097  0.025  0.866  -0.722  0.003  
11 10 0.199  0.539  0.592  -0.470  1.026  0.036  
12 10 0.017  0.397  0.064  -0.184  1.098  0.029  
13 10 -0.659  0.240  0.158  -0.096  1.211  -0.025  
14 10 0.919  0.284  -0.325  0.534  -0.709  0.002  
1 11 0.729  0.401  0.771  0.133  -1.159  0.016  
2 11 -0.664  0.255  0.464  -0.219  1.206  0.049  
3 11 -0.490  0.348  0.115  -0.174  1.553  0.020  
4 11 -0.230  0.193  -0.514  0.000  1.839  0.015  




6 11 0.743  0.077  0.142  0.866  -0.436  0.005  
7 11 0.422  0.030  0.214  0.848  0.045  0.002  
8 11 2.127  -0.314  1.458  1.612  -2.481  0.002  
9 11 0.294  0.181  0.107  0.508  0.317  0.000  
10 11 0.857  0.100  0.030  0.830  -0.681  0.003  
11 11 0.318  0.551  0.611  -0.526  0.993  0.041  
12 11 0.087  0.408  0.074  -0.223  1.078  0.026  
13 11 -0.637  0.250  0.150  -0.131  1.219  -0.028  
14 11 1.056  0.298  -0.319  0.507  -0.804  -0.005  
1 12 0.734  0.402  0.773  0.108  -1.132  0.014  
2 12 -0.627  0.252  0.472  -0.234  1.206  0.049  
3 12 -0.554  0.345  0.109  -0.195  1.634  0.018  
4 12 -0.099  0.207  -0.486  -0.064  1.800  0.020  
5 12 -0.101  0.020  0.853  0.111  1.080  0.012  
6 12 0.848  0.082  0.148  0.851  -0.507  0.001  
7 12 0.462  0.033  0.218  0.827  0.040  0.001  
8 12 2.129  -0.316  1.459  1.594  -2.455  0.000  
9 12 0.638  0.196  0.155  0.449  0.110  0.010  
10 12 0.969  0.111  0.053  0.778  -0.715  0.007  
11 12 0.280  0.553  0.599  -0.558  1.067  0.038  
12 12 0.150  0.413  0.087  -0.261  1.071  0.027  
13 12 -0.632  0.259  0.139  -0.165  1.239  -0.032  
14 12 1.294  0.308  -0.302  0.482  -0.973  -0.008  
1 13 0.848  0.408  0.779  0.093  -1.214  0.008  
2 13 -1.135  0.224  0.392  -0.189  1.574  0.025  
3 13 -0.584  0.345  0.110  -0.224  1.697  0.017  
4 13 0.038  0.221  -0.459  -0.123  1.750  0.025  
5 13 -0.076  0.028  0.862  0.065  1.106  0.011  
6 13 0.805  0.080  0.146  0.826  -0.439  0.000  
7 13 0.494  0.034  0.223  0.803  0.047  0.001  
8 13 2.130  -0.318  1.459  1.576  -2.430  -0.002  
9 13 0.683  0.196  0.153  0.443  0.080  0.004  
10 13 1.713  0.159  0.177  0.634  -1.164  0.040  
11 13 0.171  0.550  0.585  -0.573  1.172  0.030  
12 13 0.066  0.411  0.077  -0.282  1.167  0.023  
13 13 -0.359  0.488  -0.059  -0.228  0.840  -0.040  
14 13 1.192  0.312  -0.304  0.432  -0.833  -0.007  
1 14 0.848  0.409  0.781  0.068  -1.183  0.006  
2 14 -1.136  0.212  0.386  -0.181  1.582  0.021  
3 14 -0.640  0.344  0.105  -0.247  1.772  0.014  
4 14 0.113  0.229  -0.446  -0.167  1.736  0.027  
5 14 -0.038  0.037  0.866  0.031  1.105  0.007  
6 14 0.777  0.078  0.142  0.809  -0.392  -0.003  
7 14 0.435  0.027  0.211  0.800  0.106  -0.004  
8 14 2.121  -0.319  1.458  1.557  -2.395  -0.003  
9 14 0.715  0.198  0.158  0.417  0.086  0.003  
10 14 0.904  0.115  0.047  0.723  -0.602  0.000  
11 14 0.124  0.553  0.584  -0.610  1.251  0.028  
12 14 0.105  0.415  0.087  -0.319  1.178  0.024  
13 14 -0.483  0.503  -0.057  -0.314  1.022  -0.039  
14 14 1.105  0.308  -0.321  0.422  -0.749  -0.014  




2 15 -0.688  0.229  0.456  -0.245  1.303  0.039  
3 15 -0.735  0.339  0.100  -0.274  1.886  0.012  
4 15 -0.014  0.249  -0.474  -0.204  1.858  0.022  
5 15 -0.041  0.043  0.876  -0.020  1.164  0.009  
6 15 0.731  0.075  0.136  0.792  -0.331  -0.007  
7 15 0.427  0.023  0.212  0.783  0.142  -0.005  
8 15 2.120  -0.321  1.458  1.538  -2.367  -0.005  
9 15 0.680  0.195  0.153  0.401  0.136  -0.001  
10 15 0.918  0.121  0.054  0.683  -0.570  0.000  
11 15 0.218  0.563  0.605  -0.658  1.228  0.030  
12 15 0.181  0.422  0.099  -0.354  1.153  0.024  
13 15 -0.354  0.535  -0.045  -0.388  0.975  -0.037  
14 15 1.103  0.316  -0.315  0.377  -0.702  -0.015  
1 16 0.922  0.393  0.777  0.077  -1.226  0.000  
2 16 -0.706  0.222  0.450  -0.249  1.334  0.036  
3 16 -0.695  0.344  0.110  -0.309  1.896  0.012  
4 16 -0.072  0.253  -0.483  -0.231  1.928  0.016  
5 16 -0.064  0.049  0.882  -0.067  1.235  0.010  
6 16 0.828  0.079  0.150  0.763  -0.375  -0.007  
7 16 0.473  0.022  0.208  0.781  0.108  -0.011  
8 16 2.119  -0.323  1.458  1.520  -2.339  -0.007  
9 16 0.606  0.191  0.142  0.389  0.215  -0.007  
10 16 1.059  0.133  0.082  0.625  -0.621  0.006  
11 16 -0.078  0.551  0.562  -0.653  1.464  0.016  
12 16 0.199  0.426  0.105  -0.387  1.178  0.023  
13 16 -0.364  0.551  -0.034  -0.459  1.048  -0.037  



















Year BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 4.852  6.321  2.840  1.629  3.066  1.439  3.628  4.728  3.788  2.304  4.821  4.643  0.001  2.694  
1992 4.425  5.687  2.610  1.845  3.068  1.320  3.132  3.747  3.476  2.166  4.522  4.031  0.570  1.753  
1993 4.779  5.911  2.580  2.138  2.950  1.267  1.902  3.717  3.280  1.392  4.287  3.955  -0.652  1.989  
1994 5.029  6.119  2.396  2.339  2.590  1.248  1.844  3.247  3.692  1.354  4.395  3.795  -0.784  2.056  
1995 3.402  6.499  2.564  1.469  2.415  1.344  1.547  2.560  2.244  1.023  4.417  3.713  -0.637  1.259  
1996 1.599  6.751  2.206  1.374  2.089  0.526  1.361  2.406  2.130  0.988  4.078  3.001  -0.748  0.567  
1997 2.279  6.204  1.794  1.278  1.640  0.522  0.926  1.414  1.221  0.891  3.960  3.193  -1.315  0.551  
1998 1.054  5.662  1.535  1.537  1.646  0.801  0.983  1.302  1.190  0.719  3.843  2.819  -1.759  0.852  
1999 1.600  5.156  1.594  1.567  1.991  0.520  0.535  1.403  0.952  0.506  3.543  2.885  -2.047  0.818  
2000 2.806  5.115  1.604  1.633  1.833  0.498  0.253  0.366  0.087  0.337  3.643  2.850  -2.501  0.151  
2001 1.592  4.912  2.044  1.490  1.427  0.526  0.225  0.218  0.045  0.276  4.085  2.560  -2.811  -0.534  
2002 1.381  4.886  1.770  2.048  1.162  0.113  0.127  0.028  1.036  0.734  3.799  2.738  -3.172  -0.815  
2003 0.795  2.457  1.710  2.502  1.124  0.002  0.135  -0.162  0.363  3.970  2.964  2.319  -3.991  -0.691  
2004 0.597  2.067  1.375  2.738  0.722  -0.347  -0.409  -0.316  0.261  0.001  2.817  2.394  -3.902  -1.393  
2005 0.424  3.949  1.160  2.181  0.900  -0.715  -0.462  -0.496  -0.148  -0.027  3.043  2.364  -3.668  -1.473  






BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 
              1992 0.579  -0.018  -0.011  0.693  -0.029  -0.037  0.002  0.049  0.006  0.058  -0.021  0.030  -0.418  -0.032  
1993 -0.287  0.018  -0.035  2.699  -0.002  0.014  -0.013  -0.037  -0.003  0.019  -0.020  -0.002  -13.114  -0.023  
1994 0.105  0.016  -0.004  -0.667  -0.253  0.026  -0.011  -0.067  -0.044  -0.056  -0.021  -0.009  0.230  -0.027  
1995 0.352  -0.004  -0.057  1.614  -0.117  -0.026  -0.019  -0.094  0.058  -0.013  0.061  0.003  -0.421  0.054  
1996 -0.104  -0.038  0.000  -2.280  -0.157  0.016  -0.010  -0.002  -0.020  -0.049  0.421  0.035  0.574  0.026  
1997 -0.164  0.024  -0.001  1.082  -0.274  -0.033  -0.006  -0.125  0.015  0.054  0.000  -0.014  -2.920  0.007  
1998 0.062  0.033  -0.034  0.276  -0.160  -0.015  -0.004  0.227  -0.005  0.029  0.000  -0.005  -3.816  -0.052  
1999 -0.268  -0.011  -0.041  -1.601  0.113  0.010  0.009  0.019  0.011  -0.029  -0.416  -0.017  -1.068  -0.035  
2000 -0.029  -0.028  -0.001  -2.364  -0.272  -0.010  -0.009  -0.074  -0.059  0.063  -0.035  -0.003  -4.118  -0.020  
2001 0.991  -0.010  -0.042  1.156  -0.317  0.045  -0.013  0.058  -0.006  -0.045  -0.040  -0.006  -2.515  0.024  
2002 0.043  -0.036  0.054  -0.196  -0.180  0.026  0.008  0.002  -0.079  0.040  0.017  -0.015  -3.143  -0.195  
2003 -0.265  0.052  0.010  -0.279  0.114  -0.001  0.009  0.002  -0.018  0.053  0.019  0.027  1.029  0.018  
2004 -0.110  -0.049  0.028  -1.109  -0.105  -0.007  -0.010  0.021  0.005  -0.062  0.023  -0.010  -0.110  -0.106  
2005 -0.013  -0.012  -0.018  2.662  0.028  -0.014  -0.016  0.008  -0.022  -0.014  -0.051  -0.014  -0.379  -0.020  
















BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 
              1992 5.004  5.669  2.598  2.538  3.040  1.283  3.134  3.797  3.482  2.224  4.500  4.060  0.152  1.722  
1993 4.492  5.930  2.545  4.837  2.947  1.282  1.890  3.680  3.277  1.411  4.267  3.952  -13.766  1.966  
1994 5.133  6.135  2.393  1.672  2.337  1.273  1.833  3.181  3.648  1.298  4.374  3.786  -0.554  2.028  
1995 3.754  6.495  2.507  3.083  2.298  1.319  1.527  2.466  2.301  1.010  4.477  3.716  -1.058  1.312  
1996 1.494  6.712  2.206  -0.907  1.932  0.543  1.351  2.404  2.110  0.939  4.498  3.036  -0.175  0.593  
1997 2.115  6.229  1.793  2.360  1.366  0.489  0.920  1.289  1.235  0.944  3.960  3.180  -4.235  0.558  
1998 1.116  5.695  1.501  1.813  1.487  0.787  0.979  1.529  1.186  0.749  3.843  2.814  -5.575  0.800  
1999 1.332  5.146  1.553  -0.034  2.103  0.530  0.544  1.422  0.962  0.477  3.126  2.869  -3.115  0.783  
2000 2.778  5.087  1.603  -0.731  1.561  0.488  0.245  0.292  0.028  0.400  3.608  2.847  -6.619  0.131  
2001 2.583  4.901  2.002  2.646  1.110  0.570  0.212  0.277  0.039  0.232  4.045  2.554  -5.326  -0.510  
2002 1.424  4.851  1.823  1.852  0.982  0.139  0.135  0.031  0.958  0.774  3.816  2.723  -6.316  -1.009  
2003 0.530  2.509  1.719  2.223  1.238  0.001  0.145  -0.159  0.345  4.023  2.984  2.346  -2.962  -0.673  
2004 0.487  2.018  1.403  1.629  0.618  -0.354  -0.419  -0.295  0.265  -0.061  2.840  2.383  -4.012  -1.499  
2005 0.411  3.936  1.142  4.843  0.929  -0.728  -0.479  -0.488  -0.170  -0.041  2.992  2.350  -4.047  -1.493  






c. Normal Frontier Function with fertilizer 
Input Elasticity Calculation 
Input Elasticity Labor Fertilizer Tractor Livestock Land Time 
countries year x1 x2 x3 x4 x5 T 
1 1 0.664  0.077  0.149  0.219  -0.183  0.008  
2 1 0.418  0.211  0.133  -0.525  0.688  0.018  
3 1 0.283  0.346  -0.016  -0.138  0.483  0.006  
4 1 0.397  0.203  -0.131  -0.357  0.780  0.000  
5 1 0.249  0.299  0.079  0.257  0.116  -0.003  
6 1 0.217  0.009  0.124  0.166  0.427  -0.015  
7 1 0.168  0.056  0.227  -0.062  0.591  -0.010  
8 1 0.704  0.037  0.489  0.742  -0.875  -0.009  
9 1 0.536  0.230  0.153  -0.094  0.167  0.006  
10 1 0.361  -0.047  0.085  0.149  0.362  -0.013  
11 1 0.500  0.436  0.144  -0.159  0.107  0.017  
12 1 0.574  0.342  0.087  -0.301  0.277  0.017  
13 1 -0.041  0.345  -0.288  0.408  0.459  -0.010  
14 1 0.563  -0.009  -0.042  -0.052  0.399  -0.003  
1 2 0.665  0.077  0.130  0.267  -0.219  0.009  
2 2 0.404  0.215  0.102  -0.440  0.639  0.018  
3 2 0.263  0.330  -0.017  -0.163  0.537  0.008  
4 2 0.478  0.204  -0.111  -0.393  0.717  0.005  
5 2 0.264  0.299  0.088  0.239  0.110  0.000  
6 2 0.214  0.005  0.129  0.149  0.443  -0.012  
7 2 0.141  0.051  0.208  -0.015  0.588  -0.009  
8 2 0.603  0.037  0.446  0.859  -0.858  -0.011  
9 2 0.491  0.216  0.151  -0.103  0.231  0.007  
10 2 0.402  -0.043  0.081  0.171  0.298  -0.010  
11 2 0.523  0.441  0.133  -0.128  0.057  0.019  
12 2 0.490  0.329  0.066  -0.284  0.367  0.016  
13 2 -0.051  0.331  -0.236  0.268  0.574  -0.005  
14 2 0.503  -0.023  -0.037  -0.091  0.500  -0.001  
1 3 0.751  0.072  0.157  0.209  -0.265  0.014  
2 3 0.354  0.203  0.131  -0.547  0.776  0.022  
3 3 0.282  0.322  -0.007  -0.180  0.532  0.011  
4 3 0.552  0.200  -0.085  -0.443  0.674  0.010  
5 3 0.267  0.299  0.089  0.237  0.105  0.003  
6 3 0.197  -0.005  0.142  0.112  0.492  -0.010  
7 3 0.114  0.053  0.203  -0.011  0.610  -0.007  
8 3 0.590  0.028  0.462  0.837  -0.830  -0.009  
9 3 0.399  0.202  0.163  -0.177  0.393  0.009  
10 3 0.366  -0.042  0.089  0.127  0.367  -0.007  
11 3 0.558  0.448  0.125  -0.094  -0.012  0.022  
12 3 0.508  0.320  0.069  -0.305  0.372  0.019  
13 3 -0.069  0.279  -0.287  0.433  0.506  -0.009  
14 3 0.643  -0.013  -0.025  -0.085  0.336  0.004  
1 4 0.721  0.046  0.191  0.096  -0.135  0.017  
2 4 0.419  0.187  0.159  -0.585  0.739  0.026  
3 4 0.214  0.303  0.004  -0.231  0.652  0.012  
4 4 0.618  0.197  -0.067  -0.476  0.628  0.015  
5 4 0.216  0.295  0.080  0.250  0.150  0.004  




7 4 0.101  0.041  0.216  -0.046  0.655  -0.005  
8 4 0.517  0.020  0.453  0.869  -0.779  -0.009  
9 4 0.543  0.202  0.189  -0.205  0.256  0.015  
10 4 0.352  -0.048  0.100  0.086  0.414  -0.005  
11 4 0.597  0.444  0.140  -0.126  -0.030  0.026  
12 4 0.520  0.309  0.069  -0.314  0.375  0.021  
13 4 -0.070  0.280  -0.290  0.419  0.521  -0.006  
14 4 0.622  -0.025  -0.008  -0.150  0.416  0.007  
1 5 0.776  0.093  0.077  0.434  -0.469  0.015  
2 5 0.358  0.149  0.211  -0.737  0.934  0.028  
3 5 0.201  0.283  0.032  -0.309  0.733  0.015  
4 5 0.436  0.179  -0.096  -0.451  0.816  0.012  
5 5 0.191  0.291  0.082  0.241  0.184  0.006  
6 5 0.183  -0.023  0.175  0.017  0.582  -0.004  
7 5 0.064  0.029  0.213  -0.042  0.697  -0.004  
8 5 0.408  0.011  0.433  0.922  -0.701  -0.010  
9 5 0.259  0.170  0.135  -0.131  0.528  0.008  
10 5 0.306  -0.057  0.094  0.091  0.464  -0.004  
11 5 0.485  0.434  0.161  -0.234  0.175  0.028  
12 5 0.530  0.298  0.073  -0.336  0.389  0.024  
13 5 -0.086  0.272  -0.273  0.338  0.605  -0.003  
14 5 0.561  -0.025  -0.046  -0.062  0.416  0.006  
1 6 0.600  0.122  -0.012  0.731  -0.539  0.009  
2 6 0.450  0.152  0.230  -0.761  0.849  0.033  
3 6 0.136  0.268  0.028  -0.313  0.813  0.015  
4 6 0.429  0.169  -0.090  -0.470  0.842  0.014  
5 6 0.188  0.294  0.070  0.278  0.155  0.007  
6 6 0.114  -0.025  0.139  0.106  0.592  -0.005  
7 6 0.056  0.020  0.215  -0.044  0.711  -0.002  
8 6 0.405  0.005  0.438  0.928  -0.705  -0.008  
9 6 0.265  0.161  0.139  -0.140  0.531  0.010  
10 6 0.319  -0.061  0.101  0.073  0.465  -0.001  
11 6 0.404  0.425  0.157  -0.251  0.279  0.029  
12 6 0.407  0.281  0.048  -0.315  0.520  0.022  
13 6 -0.097  0.274  -0.275  0.314  0.636  0.000  
14 6 0.454  -0.037  -0.071  -0.025  0.511  0.005  
1 7 0.636  0.097  0.046  0.572  -0.447  0.015  
2 7 0.342  0.127  0.222  -0.753  0.971  0.032  
3 7 0.059  0.252  0.021  -0.313  0.903  0.016  
4 7 0.409  0.164  -0.085  -0.496  0.885  0.017  
5 7 0.132  0.289  0.056  0.306  0.195  0.008  
6 7 0.084  -0.044  0.156  0.052  0.672  -0.003  
7 7 0.014  0.012  0.202  -0.016  0.738  -0.001  
8 7 0.256  -0.009  0.398  0.999  -0.588  -0.011  
9 7 0.117  0.137  0.108  -0.090  0.669  0.007  
10 7 0.307  -0.070  0.108  0.050  0.498  0.002  
11 7 0.431  0.433  0.154  -0.241  0.236  0.032  
12 7 0.441  0.267  0.071  -0.384  0.545  0.026  
13 7 -0.140  0.265  -0.301  0.356  0.660  0.000  
14 7 0.429  -0.053  -0.056  -0.077  0.585  0.007  
1 8 0.681  0.125  -0.040  0.801  -0.672  0.014  




3 8 0.038  0.245  0.018  -0.307  0.925  0.017  
4 8 0.479  0.162  -0.063  -0.539  0.840  0.021  
5 8 0.141  0.287  0.066  0.283  0.201  0.011  
6 8 0.093  -0.057  0.188  -0.034  0.731  0.001  
7 8 0.047  0.005  0.217  -0.041  0.722  0.002  
8 8 0.289  -0.017  0.397  0.991  -0.609  -0.008  
9 8 0.106  0.123  0.121  -0.129  0.717  0.010  
10 8 0.294  -0.076  0.109  0.041  0.521  0.004  
11 8 0.398  0.425  0.159  -0.277  0.303  0.034  
12 8 0.415  0.260  0.058  -0.372  0.571  0.027  
13 8 -0.166  0.253  -0.320  0.379  0.685  0.001  
14 8 0.516  -0.051  -0.035  -0.121  0.523  0.013  
1 9 0.641  0.087  0.016  0.614  -0.466  0.018  
2 9 0.276  0.117  0.185  -0.646  0.964  0.033  
3 9 0.037  0.232  0.037  -0.359  0.969  0.020  
4 9 0.492  0.156  -0.052  -0.569  0.851  0.025  
5 9 0.115  0.267  0.106  0.164  0.324  0.015  
6 9 0.103  -0.054  0.179  -0.001  0.692  0.003  
7 9 0.008  -0.003  0.204  -0.009  0.745  0.002  
8 9 0.325  -0.022  0.416  0.970  -0.636  -0.005  
9 9 0.046  0.100  0.127  -0.159  0.816  0.011  
10 9 0.288  -0.079  0.105  0.048  0.523  0.006  
11 9 0.417  0.434  0.144  -0.238  0.250  0.036  
12 9 0.444  0.249  0.072  -0.416  0.581  0.031  
13 9 -0.176  0.249  -0.330  0.390  0.691  0.002  
14 9 0.557  -0.053  -0.031  -0.122  0.479  0.016  
1 10 0.595  0.099  0.083  0.297  -0.180  0.027  
2 10 0.252  0.091  0.204  -0.689  1.034  0.035  
3 10 0.036  0.221  0.051  -0.397  1.003  0.023  
4 10 0.508  0.146  -0.037  -0.608  0.867  0.028  
5 10 0.123  0.268  0.104  0.173  0.306  0.017  
6 10 0.076  -0.070  0.194  -0.050  0.764  0.005  
7 10 -0.023  -0.012  0.202  -0.007  0.779  0.004  
8 10 0.201  -0.028  0.370  1.070  -0.572  -0.007  
9 10 0.010  0.067  0.097  -0.054  0.797  0.009  
10 10 0.283  -0.083  0.105  0.045  0.532  0.008  
11 10 0.463  0.437  0.154  -0.265  0.218  0.040  
12 10 0.461  0.241  0.077  -0.451  0.598  0.034  
13 10 -0.218  0.236  -0.345  0.416  0.727  0.003  
14 10 0.548  -0.046  -0.066  -0.025  0.414  0.016  
1 11 0.353  0.098  0.029  0.365  0.031  0.022  
2 11 0.319  0.101  0.194  -0.636  0.915  0.038  
3 11 0.117  0.213  0.086  -0.469  0.971  0.028  
4 11 0.470  0.141  -0.034  -0.635  0.930  0.030  
5 11 0.085  0.267  0.089  0.199  0.328  0.018  
6 11 0.160  -0.062  0.199  -0.035  0.656  0.010  
7 11 -0.037  -0.027  0.216  -0.047  0.830  0.006  
8 11 0.196  -0.038  0.374  1.062  -0.558  -0.005  
9 11 0.042  0.063  0.103  -0.059  0.765  0.012  
10 11 0.286  -0.089  0.111  0.026  0.544  0.011  
11 11 0.571  0.438  0.183  -0.324  0.143  0.046  




13 11 -0.224  0.234  -0.358  0.435  0.723  0.005  
14 11 0.559  -0.029  -0.108  0.090  0.308  0.017  
1 12 0.341  0.092  0.028  0.366  0.045  0.024  
2 12 0.334  0.090  0.207  -0.654  0.914  0.040  
3 12 0.066  0.200  0.086  -0.481  1.041  0.029  
4 12 0.594  0.145  0.000  -0.703  0.841  0.037  
5 12 0.059  0.264  0.082  0.203  0.355  0.020  
6 12 0.175  -0.059  0.181  0.027  0.590  0.011  
7 12 -0.025  -0.034  0.223  -0.054  0.824  0.009  
8 12 0.183  -0.048  0.376  1.058  -0.537  -0.004  
9 12 0.306  0.074  0.155  -0.128  0.523  0.022  
10 12 0.390  -0.090  0.143  -0.036  0.476  0.017  
11 12 0.540  0.431  0.176  -0.327  0.185  0.048  
12 12 0.529  0.244  0.083  -0.450  0.519  0.040  
13 12 -0.241  0.231  -0.374  0.456  0.730  0.006  
14 12 0.655  -0.013  -0.129  0.174  0.133  0.020  
1 13 0.346  0.100  -0.003  0.458  -0.034  0.025  
2 13 -0.127  0.059  0.100  -0.487  1.309  0.028  
3 13 0.053  0.189  0.096  -0.511  1.082  0.032  
4 13 0.712  0.149  0.029  -0.754  0.749  0.043  
5 13 0.078  0.264  0.087  0.189  0.343  0.023  
6 13 0.150  -0.072  0.189  -0.002  0.645  0.013  
7 13 -0.007  -0.043  0.236  -0.079  0.825  0.012  
8 13 0.170  -0.058  0.378  1.055  -0.517  -0.002  
9 13 0.269  0.075  0.124  -0.045  0.501  0.021  
10 13 1.052  -0.059  0.307  -0.306  -0.063  0.041  
11 13 0.419  0.425  0.141  -0.266  0.273  0.046  
12 13 0.457  0.233  0.073  -0.446  0.599  0.040  
13 13 -0.274  0.227  -0.372  0.422  0.793  0.008  
14 13 0.629  -0.027  -0.107  0.095  0.226  0.023  
1 14 0.334  0.093  -0.003  0.458  -0.018  0.027  
2 14 -0.165  0.043  0.095  -0.465  1.340  0.028  
3 14 0.002  0.179  0.090  -0.510  1.140  0.033  
4 14 0.777  0.145  0.049  -0.796  0.709  0.047  
5 14 0.069  0.268  0.069  0.232  0.319  0.024  
6 14 0.109  -0.082  0.182  0.009  0.684  0.014  
7 14 -0.083  -0.057  0.221  -0.051  0.893  0.011  
8 14 0.155  -0.069  0.383  1.042  -0.487  0.000  
9 14 0.280  0.069  0.128  -0.052  0.496  0.024  
10 14 0.308  -0.100  0.122  -0.006  0.548  0.019  
11 14 0.392  0.417  0.145  -0.288  0.322  0.048  
12 14 0.490  0.228  0.087  -0.474  0.586  0.044  
13 14 -0.299  0.226  -0.361  0.351  0.876  0.012  
14 14 0.529  -0.037  -0.133  0.139  0.308  0.022  
1 15 0.321  0.085  -0.001  0.450  0.005  0.029  
2 15 0.220  0.046  0.202  -0.638  1.043  0.043  
3 15 -0.055  0.165  0.094  -0.536  1.228  0.034  
4 15 0.669  0.136  0.035  -0.796  0.831  0.047  
5 15 0.095  0.263  0.088  0.179  0.332  0.028  
6 15 0.059  -0.092  0.175  0.018  0.737  0.015  
7 15 -0.089  -0.071  0.234  -0.079  0.926  0.013  




9 15 0.231  0.060  0.118  -0.033  0.539  0.024  
10 15 0.321  -0.104  0.129  -0.026  0.550  0.022  
11 15 0.467  0.420  0.163  -0.318  0.261  0.053  
12 15 0.531  0.228  0.091  -0.475  0.542  0.047  
13 15 -0.206  0.238  -0.347  0.322  0.791  0.017  
14 15 0.532  -0.039  -0.130  0.123  0.318  0.025  
1 16 0.313  0.065  -0.003  0.487  -0.007  0.029  
2 16 0.183  0.031  0.200  -0.633  1.085  0.044  
3 16 -0.024  0.159  0.108  -0.565  1.216  0.037  
4 16 0.596  0.133  0.011  -0.757  0.883  0.047  
5 16 0.101  0.256  0.101  0.135  0.361  0.031  
6 16 0.110  -0.093  0.182  0.018  0.680  0.018  
7 16 -0.124  -0.074  0.207  -0.005  0.909  0.013  
8 16 0.128  -0.090  0.389  1.029  -0.440  0.004  
9 16 0.153  0.047  0.104  -0.013  0.614  0.024  
10 16 0.450  -0.102  0.166  -0.095  0.458  0.028  
11 16 0.198  0.402  0.101  -0.224  0.492  0.046  
12 16 0.542  0.222  0.099  -0.494  0.544  0.050  
13 16 -0.191  0.243  -0.344  0.296  0.792  0.021  




Year BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 0.757  1.809  0.597  0.045  -0.312  -1.472  -0.961  -0.870  0.622  -1.286  1.711  1.654  -1.031  -0.278  
1992 0.883  1.828  0.769  0.543  0.008  -1.222  -0.910  -1.097  0.721  -0.992  1.945  1.606  -0.525  -0.135  
1993 1.410  2.155  1.052  1.039  0.263  -0.973  -0.730  -0.858  0.865  -0.726  2.212  1.880  -0.916  0.427  
1994 1.732  2.552  1.186  1.486  0.357  -0.662  -0.491  -0.861  1.476  -0.450  2.592  2.106  -0.647  0.716  
1995 1.508  2.845  1.494  1.201  0.551  -0.385  -0.385  -0.997  0.805  -0.354  2.792  2.363  -0.293  0.621  
1996 0.890  3.349  1.540  1.432  0.719  -0.504  -0.198  -0.787  1.040  -0.064  2.861  2.208  -0.019  0.499  
1997 1.460  3.236  1.551  1.668  0.764  -0.284  -0.143  -1.088  0.748  0.166  3.172  2.607  -0.007  0.734  
1998 1.364  3.257  1.700  2.147  1.074  0.116  0.194  -0.813  0.989  0.371  3.384  2.721  0.069  1.265  
1999 1.775  3.292  2.005  2.460  1.452  0.317  0.246  -0.457  1.073  0.574  3.608  3.066  0.249  1.589  
2000 2.682  3.469  2.279  2.779  1.702  0.545  0.376  -0.737  0.864  0.793  4.015  3.370  0.286  1.613  
2001 2.244  3.770  2.826  2.983  1.798  0.959  0.614  -0.530  1.166  1.060  4.620  3.589  0.463  1.685  
2002 2.429  4.039  2.929  3.658  1.960  1.105  0.866  -0.351  2.164  1.658  4.765  4.005  0.606  1.997  
2003 2.505  2.787  3.165  4.283  2.272  1.302  1.163  -0.171  2.141  4.053  4.583  4.033  0.837  2.304  
2004 2.693  2.829  3.252  4.744  2.412  1.390  1.119  0.019  2.392  1.852  4.782  4.388  1.181  2.187  
2005 2.889  4.294  3.371  4.718  2.809  1.459  1.350  0.202  2.448  2.150  5.259  4.716  1.736  2.462  
















BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 
              1992 -0.655  10.441  0.375  -0.117  0.994  4.983  2.027  -3.860  -1.372  3.618  2.963  -5.977  2.279  -0.918  
1993 0.493  -1.327  1.296  -1.134  0.504  -3.194  -1.032  1.914  -3.895  0.810  2.575  1.628  2.265  2.509  
1994 -0.750  -5.853  -1.249  0.493  -0.833  -2.949  0.980  0.991  10.474  1.494  4.673  2.132  -0.130  -0.160  
1995 2.127  -5.991  1.223  -2.480  -0.610  0.468  3.427  -0.602  -11.613  0.884  -7.653  -0.187  0.134  1.467  
1996 -2.043  8.944  -1.246  2.065  0.815  1.626  2.659  1.113  4.945  1.025  -5.678  -7.305  -0.165  0.969  
1997 1.639  -5.119  -2.907  -0.766  -0.628  3.011  2.503  0.026  -4.037  -1.411  2.570  1.253  0.054  -3.992  
1998 -1.470  -2.380  1.483  -0.076  0.731  -1.616  1.856  -2.918  -0.492  -0.811  -0.655  -0.928  0.397  -6.312  
1999 3.082  4.213  0.940  1.242  -0.645  2.710  -0.019  1.627  -5.155  1.337  5.067  0.897  -0.466  3.807  
2000 -0.267  1.656  -0.403  0.611  0.807  -1.252  1.012  -0.794  7.637  -1.853  9.484  -0.728  0.592  8.077  
2001 -1.417  5.936  1.769  -0.270  0.134  -3.290  0.182  -1.694  1.526  1.126  9.367  1.839  0.005  0.145  
2002 -0.759  -3.214  -3.598  0.287  -0.055  -0.395  -0.257  1.080  16.547  -2.645  -3.166  1.966  0.103  6.168  
2003 0.152  -9.747  -1.250  0.202  0.172  -1.571  -0.970  0.591  3.192  -12.025  -6.627  -5.939  -0.091  -3.442  
2004 0.181  5.817  -3.198  0.113  -0.818  1.111  0.370  -0.735  -0.984  12.309  -5.418  1.201  0.074  -0.877  
2005 -0.608  2.699  0.530  -1.740  1.142  1.481  1.183  -0.281  0.860  -0.487  11.273  1.296  -0.131  -2.188  
















BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 
              1992 0.228  12.269  1.144  0.427  1.002  3.761  1.116  -4.957  -0.651  2.626  4.908  -4.371  1.754  -1.053  
1993 1.902  0.829  2.348  -0.095  0.767  -4.167  -1.762  1.056  -3.030  0.085  4.788  3.508  1.348  2.936  
1994 0.982  -3.301  -0.064  1.979  -0.476  -3.611  0.489  0.130  11.950  1.044  7.265  4.239  -0.777  0.556  
1995 3.635  -3.146  2.717  -1.279  -0.059  0.083  3.042  -1.599  -10.808  0.530  -4.861  2.176  -0.159  2.089  
1996 -1.153  12.294  0.294  3.497  1.534  1.122  2.461  0.325  5.985  0.962  -2.817  -5.097  -0.184  1.467  
1997 3.099  -1.882  -1.356  0.902  0.136  2.727  2.360  -1.062  -3.289  -1.244  5.742  3.860  0.047  -3.257  
1998 -0.106  0.877  3.184  2.071  1.804  -1.500  2.050  -3.731  0.497  -0.440  2.729  1.793  0.466  -5.047  
1999 4.857  7.505  2.945  3.701  0.807  3.026  0.228  1.169  -4.082  1.911  8.675  3.962  -0.217  5.395  
2000 2.415  5.125  1.876  3.390  2.509  -0.708  1.387  -1.531  8.501  -1.060  13.499  2.642  0.878  9.690  
2001 0.827  9.707  4.595  2.713  1.931  -2.331  0.797  -2.224  2.691  2.186  13.987  5.428  0.468  1.830  
2002 1.670  0.825  -0.669  3.945  1.905  0.710  0.609  0.729  18.712  -0.987  1.599  5.971  0.710  8.165  
2003 2.657  -6.960  1.914  4.484  2.445  -0.269  0.193  0.420  5.333  -7.972  -2.044  -1.906  0.747  -1.138  
2004 2.873  8.646  0.054  4.856  1.595  2.501  1.490  -0.716  1.408  14.161  -0.636  5.588  1.255  1.310  
2005 2.281  6.993  3.901  2.978  3.951  2.939  2.533  -0.079  3.308  1.663  16.532  6.012  1.605  0.274  







d. Output Distance Function without fertilizer 
Input Elasticity Calculation 
Input Elasticity Labor Tractor Livestock Land Time 
countries year x1 x3 x4 x5 T 
1 1 0.685  0.451  0.858  -1.025  0.038  
2 1 -0.982  0.177  0.224  1.534  0.054  
3 1 0.167  0.392  -0.628  1.259  0.023  
4 1 -0.080  -0.181  0.216  1.123  -0.013  
5 1 0.082  0.679  0.180  0.560  0.004  
6 1 0.959  0.119  0.823  -0.743  -0.001  
7 1 -0.339  0.182  1.171  0.359  0.000  
8 1 1.610  0.902  1.329  -2.168  -0.010  
9 1 0.642  0.347  -0.128  0.370  0.013  
10 1 0.263  0.015  1.691  -0.799  -0.013  
11 1 0.404  0.684  -1.151  1.355  0.037  
12 1 0.169  0.373  -0.629  1.236  0.029  
13 1 0.058  0.564  -0.069  0.691  0.008  
14 1 0.037  -0.155  1.549  -0.471  -0.008  
1 2 0.763  0.467  0.818  -1.081  0.035  
2 2 -0.865  0.209  0.185  1.434  0.049  
3 2 0.145  0.353  -0.647  1.306  0.023  
4 2 -0.037  -0.182  0.135  1.142  -0.013  
5 2 0.059  0.683  0.118  0.629  0.006  
6 2 0.958  0.112  0.758  -0.689  0.000  
7 2 -0.281  0.189  1.145  0.313  -0.002  
8 2 1.733  0.945  1.268  -2.265  -0.013  
9 2 0.620  0.322  -0.153  0.416  0.014  
10 2 0.321  0.034  1.641  -0.829  -0.015  
11 2 0.511  0.702  -1.242  1.312  0.036  
12 2 0.171  0.349  -0.668  1.271  0.029  
13 2 -0.175  0.515  -0.125  0.984  0.016  
14 2 0.664  -0.215  0.982  -0.626  0.004  
1 3 0.729  0.448  0.798  -1.029  0.035  
2 3 -1.082  0.163  0.131  1.716  0.056  
3 3 0.134  0.342  -0.667  1.332  0.023  
4 3 -0.052  -0.196  0.096  1.189  -0.012  
5 3 0.057  0.690  0.061  0.671  0.006  
6 3 0.909  0.090  0.709  -0.594  0.002  
7 3 0.636  0.162  0.385  0.013  0.009  
8 3 1.695  0.939  1.232  -2.201  -0.011  
9 3 0.520  0.273  -0.266  0.628  0.020  
10 3 0.918  -0.002  1.037  -0.928  -0.003  
11 3 0.612  0.729  -1.327  1.266  0.034  
12 3 0.149  0.327  -0.681  1.308  0.028  
13 3 0.125  0.482  0.095  0.478  0.005  
14 3 0.767  -0.187  0.934  -0.706  0.000  
1 4 0.532  0.375  0.807  -0.816  0.040  
2 4 -1.081  0.139  0.147  1.703  0.055  
3 4 0.056  0.299  -0.717  1.464  0.027  
4 4 -0.061  -0.201  0.061  1.223  -0.012  
5 4 0.042  0.692  0.003  0.727  0.007  




7 4 0.593  0.137  0.352  0.088  0.011  
8 4 1.700  0.948  1.188  -2.179  -0.010  
9 4 0.572  0.277  -0.281  0.580  0.017  
10 4 0.871  -0.020  0.967  -0.819  -0.001  
11 4 0.593  0.721  -1.370  1.319  0.035  
12 4 0.146  0.307  -0.684  1.316  0.027  
13 4 0.096  0.478  0.030  0.559  0.006  
14 4 0.645  -0.224  0.904  -0.549  0.004  
1 5 1.092  0.552  0.684  -1.350  0.024  
2 5 -1.360  0.041  0.192  1.980  0.062  
3 5 -0.076  0.251  -0.715  1.607  0.030  
4 5 -0.140  -0.227  0.030  1.333  -0.010  
5 5 0.009  0.689  -0.050  0.800  0.008  
6 5 0.772  0.045  0.619  -0.373  0.007  
7 5 0.574  0.125  0.335  0.120  0.011  
8 5 1.716  0.960  1.142  -2.170  -0.010  
9 5 0.506  0.240  -0.272  0.647  0.019  
10 5 0.847  -0.029  0.934  -0.769  0.000  
11 5 0.350  0.672  -1.467  1.666  0.043  
12 5 0.119  0.283  -0.692  1.354  0.027  
13 5 -0.050  0.440  -0.024  0.762  0.010  
14 5 0.745  -0.197  0.856  -0.625  0.001  
1 6 1.440  0.721  0.510  -1.631  0.018  
2 6 -1.342  0.049  0.150  1.989  0.062  
3 6 -0.124  0.229  -0.730  1.670  0.031  
4 6 -0.181  -0.242  0.009  1.391  -0.009  
5 6 0.064  0.713  -0.110  0.780  0.007  
6 6 0.876  0.070  0.571  -0.452  0.004  
7 6 0.568  0.116  0.315  0.140  0.011  
8 6 1.726  0.964  1.106  -2.157  -0.010  
9 6 0.495  0.229  -0.287  0.669  0.018  
10 6 0.824  -0.036  0.897  -0.718  0.000  
11 6 0.276  0.653  -1.527  1.794  0.045  
12 6 0.069  0.255  -0.703  1.419  0.027  
13 6 -0.103  0.433  -0.098  0.875  0.012  
14 6 0.733  -0.207  0.828  -0.591  0.000  
1 7 1.217  0.640  0.522  -1.390  0.024  
2 7 -1.395  0.016  0.167  2.035  0.062  
3 7 -0.172  0.207  -0.745  1.733  0.032  
4 7 -0.238  -0.254  -0.042  1.491  -0.007  
5 7 0.070  0.718  -0.158  0.804  0.007  
6 7 0.773  0.030  0.569  -0.338  0.007  
7 7 0.590  0.117  0.285  0.137  0.010  
8 7 1.740  0.961  1.082  -2.157  -0.010  
9 7 0.483  0.204  -0.274  0.671  0.018  
10 7 0.783  -0.052  0.865  -0.650  0.001  
11 7 0.313  0.675  -1.617  1.820  0.045  
12 7 0.001  0.213  -0.720  1.512  0.029  
13 7 -0.062  0.429  -0.116  0.841  0.010  
14 7 0.638  -0.244  0.813  -0.475  0.003  
1 8 1.598  0.743  0.452  -1.760  0.011  




3 8 -0.179  0.201  -0.773  1.759  0.032  
4 8 -0.257  -0.262  -0.082  1.541  -0.007  
5 8 0.036  0.716  -0.213  0.880  0.008  
6 8 0.648  -0.009  0.539  -0.175  0.010  
7 8 0.578  0.105  0.260  0.168  0.011  
8 8 1.752  0.943  1.077  -2.162  -0.012  
9 8 0.417  0.174  -0.283  0.751  0.019  
10 8 0.762  -0.060  0.826  -0.599  0.002  
11 8 0.235  0.652  -1.664  1.942  0.047  
12 8 0.016  0.202  -0.755  1.526  0.028  
13 8 -0.044  0.411  -0.118  0.820  0.008  
14 8 0.628  -0.247  0.759  -0.424  0.003  
1 9 1.275  0.627  0.492  -1.427  0.019  
2 9 -1.263  0.043  0.106  1.931  0.058  
3 9 -0.238  0.172  -0.809  1.855  0.035  
4 9 -0.305  -0.274  -0.114  1.615  -0.006  
5 9 -0.167  0.657  -0.237  1.121  0.014  
6 9 0.709  0.012  0.479  -0.198  0.009  
7 9 0.609  0.107  0.229  0.157  0.010  
8 9 1.745  0.944  1.043  -2.134  -0.012  
9 9 0.339  0.131  -0.273  0.830  0.021  
10 9 0.765  -0.057  0.780  -0.570  0.002  
11 9 0.306  0.680  -1.739  1.920  0.045  
12 9 -0.024  0.172  -0.772  1.587  0.028  
13 9 -0.026  0.409  -0.163  0.832  0.008  
14 9 0.650  -0.244  0.726  -0.426  0.002  
1 10 0.701  0.535  0.259  -0.612  0.037  
2 10 -1.342  -0.002  0.143  1.989  0.059  
3 10 -0.298  0.148  -0.827  1.934  0.036  
4 10 -0.360  -0.296  -0.128  1.683  -0.005  
5 10 -0.153  0.669  -0.296  1.145  0.014  
6 10 0.622  -0.023  0.461  -0.089  0.011  
7 10 0.603  0.098  0.197  0.187  0.010  
8 10 1.821  0.962  1.006  -2.192  -0.014  
9 10 0.507  0.116  -0.165  0.558  0.015  
10 10 0.759  -0.060  0.738  -0.532  0.002  
11 10 0.290  0.681  -1.801  1.985  0.045  
12 10 -0.063  0.145  -0.799  1.656  0.029  
13 10 -0.015  0.397  -0.166  0.817  0.007  
14 10 0.792  -0.201  0.673  -0.546  -0.002  
1 11 0.631  0.546  0.145  -0.450  0.039  
2 11 -1.214  0.036  0.087  1.887  0.056  
3 11 -0.357  0.125  -0.846  2.013  0.038  
4 11 -0.435  -0.308  -0.188  1.810  -0.002  
5 11 -0.142  0.677  -0.349  1.171  0.014  
6 11 0.708  0.003  0.401  -0.139  0.009  
7 11 0.542  0.069  0.179  0.269  0.012  
8 11 1.811  0.951  0.985  -2.166  -0.014  
9 11 0.523  0.116  -0.194  0.560  0.014  
10 11 0.727  -0.070  0.702  -0.473  0.003  
11 11 0.270  0.673  -1.845  2.040  0.045  




13 11 0.012  0.400  -0.210  0.817  0.006  
14 11 0.976  -0.139  0.586  -0.687  -0.008  
1 12 0.627  0.542  0.112  -0.422  0.039  
2 12 -1.225  0.024  0.072  1.910  0.056  
3 12 -0.406  0.104  -0.868  2.083  0.039  
4 12 -0.462  -0.312  -0.239  1.876  -0.002  
5 12 -0.158  0.676  -0.399  1.224  0.014  
6 12 0.818  0.033  0.354  -0.228  0.006  
7 12 0.549  0.063  0.150  0.283  0.012  
8 12 1.798  0.940  0.966  -2.139  -0.014  
9 12 0.580  0.129  -0.219  0.513  0.012  
10 12 0.700  -0.079  0.664  -0.415  0.003  
11 12 0.243  0.660  -1.882  2.099  0.046  
12 12 -0.017  0.163  -0.903  1.681  0.027  
13 12 0.034  0.400  -0.251  0.820  0.005  
14 12 1.165  -0.082  0.528  -0.857  -0.014  
1 13 0.772  0.587  0.054  -0.543  0.035  
2 13 -1.268  0.007  0.047  1.976  0.057  
3 13 -0.463  0.083  -0.892  2.162  0.040  
4 13 -0.469  -0.311  -0.290  1.919  -0.002  
5 13 -0.170  0.677  -0.454  1.276  0.015  
6 13 0.759  0.009  0.335  -0.150  0.007  
7 13 0.530  0.048  0.128  0.320  0.012  
8 13 1.786  0.929  0.946  -2.112  -0.014  
9 13 0.684  0.158  -0.262  0.427  0.008  
10 13 0.713  -0.074  0.614  -0.394  0.003  
11 13 0.254  0.668  -1.933  2.123  0.045  
12 13 -0.057  0.148  -0.935  1.747  0.028  
13 13 0.623  0.357  -0.807  0.688  0.016  
14 13 1.026  -0.124  0.494  -0.677  -0.010  
1 14 0.762  0.581  0.024  -0.511  0.035  
2 14 -1.257  -0.005  0.056  1.955  0.056  
3 14 -0.494  0.072  -0.924  2.220  0.041  
4 14 -0.492  -0.322  -0.321  1.965  -0.001  
5 14 -0.111  0.700  -0.520  1.257  0.013  
6 14 0.750  0.001  0.310  -0.123  0.007  
7 14 0.528  0.038  0.113  0.333  0.012  
8 14 1.760  0.913  0.928  -2.071  -0.013  
9 14 0.683  0.153  -0.291  0.449  0.008  
10 14 0.689  -0.082  0.577  -0.341  0.003  
11 14 0.203  0.653  -1.976  2.211  0.047  
12 14 -0.081  0.139  -0.968  1.796  0.029  
13 14 0.479  0.333  -0.891  0.908  0.020  
14 14 1.030  -0.128  0.460  -0.658  -0.010  
1 15 0.742  0.571  -0.006  -0.468  0.035  
2 15 -1.263  -0.023  0.064  1.955  0.055  
3 15 -0.578  0.045  -0.944  2.326  0.043  
4 15 -0.513  -0.339  -0.418  2.069  0.002  
5 15 -0.183  0.681  -0.560  1.366  0.015  
6 15 0.730  -0.010  0.285  -0.084  0.007  
7 15 0.483  0.014  0.108  0.385  0.013  




9 15 0.679  0.148  -0.318  0.471  0.008  
10 15 0.663  -0.088  0.534  -0.284  0.004  
11 15 0.200  0.656  -2.025  2.249  0.047  
12 15 -0.056  0.145  -1.011  1.799  0.028  
13 15 0.523  0.346  -1.002  0.946  0.021  
14 15 1.004  -0.132  0.407  -0.590  -0.009  
1 16 0.812  0.562  0.032  -0.574  0.033  
2 16 -1.274  -0.039  0.059  1.969  0.055  
3 16 -0.600  0.035  -0.977  2.374  0.043  
4 16 -0.498  -0.333  -0.476  2.095  0.002  
5 16 -0.252  0.663  -0.602  1.471  0.017  
6 16 0.763  -0.003  0.252  -0.097  0.006  
7 16 0.581  0.037  0.072  0.302  0.010  
8 16 1.728  0.889  0.890  -2.009  -0.013  
9 16 0.661  0.137  -0.343  0.508  0.008  
10 16 0.639  -0.095  0.493  -0.228  0.005  
11 16 0.170  0.648  -2.071  2.316  0.047  
12 16 -0.078  0.137  -1.044  1.847  0.028  
13 16 0.481  0.350  -1.086  1.053  0.022  




Year BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 3.776  5.399  2.272  -1.348  0.448  -0.094  -0.017  -1.002  1.272  -1.296  3.737  2.853  0.828  -0.769  
1992 3.497  4.937  2.306  -1.284  0.551  0.010  -0.244  -1.270  1.353  -1.490  3.585  2.862  1.648  0.379  
1993 3.530  5.551  2.310  -1.200  0.590  0.226  0.938  -1.080  1.956  -0.313  3.400  2.810  0.542  0.047  
1994 4.026  5.513  2.704  -1.189  0.674  0.279  1.116  -1.010  1.740  -0.059  3.470  2.697  0.612  0.368  
1995 2.354  6.233  3.036  -0.965  0.807  0.695  1.130  -0.958  1.871  -0.009  4.269  2.674  1.013  0.051  
1996 1.792  6.152  3.139  -0.897  0.678  0.410  1.113  -0.952  1.837  0.035  4.532  2.715  1.156  0.049  
1997 2.378  6.242  3.247  -0.727  0.688  0.662  1.038  -1.035  1.803  0.146  4.480  2.874  0.982  0.288  
1998 1.091  6.093  3.236  -0.671  0.825  1.034  1.059  -1.212  1.944  0.201  4.690  2.795  0.827  0.321  
1999 1.896  5.806  3.470  -0.573  1.447  0.869  0.966  -1.151  2.126  0.174  4.478  2.844  0.793  0.208  
2000 3.698  5.946  3.616  -0.466  1.426  1.115  0.991  -1.396  1.505  0.192  4.504  2.857  0.696  -0.248  
2001 3.936  5.566  3.759  -0.242  1.381  0.888  1.170  -1.387  1.433  0.260  4.538  2.671  0.616  -0.783  
2002 3.932  5.571  3.881  -0.167  1.417  0.557  1.154  -1.383  1.170  0.331  4.557  2.714  0.539  -1.398  
2003 3.490  5.673  4.019  -0.153  1.452  0.705  1.202  -1.378  0.841  0.290  4.509  2.813  1.587  -0.986  
2004 3.494  5.567  4.091  -0.106  1.286  0.703  1.176  -1.327  0.824  0.343  4.662  2.862  2.021  -1.020  
2005 3.532  5.535  4.292  0.193  1.479  0.731  1.261  -1.308  0.803  0.404  4.653  2.779  2.057  -0.940  
















BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991  
              1992  7.371  -8.954  -1.448  2.420  -1.318  -3.603  0.681  9.203  -0.499  -0.375  -4.435  -0.197  -6.525  -6.119  
1993  2.942  0.986  0.600  16.559  -1.516  2.162  -4.504  -5.096  -2.214  2.519  -2.994  1.518  -5.325  2.754  
1994  -0.521  10.925  -2.558  -1.727  0.657  2.051  -0.918  -4.193  -4.310  -5.827  0.347  -0.055  3.564  -5.336  
1995  7.330  0.325  0.219  1.883  0.542  -1.668  -3.152  -0.278  2.084  -1.931  6.729  1.909  0.336  4.430  
1996  -4.438  -3.129  0.490  -12.030  -3.284  1.129  -1.838  -3.025  -5.693  -3.946  1.900  0.778  3.596  -0.585  
1997  -2.710  0.779  1.921  2.799  -2.790  -2.617  -1.729  1.325  1.236  3.575  -0.953  0.801  0.175  1.400  
1998  8.924  4.140  -1.487  2.522  -1.880  -0.338  -1.321  9.308  2.128  1.761  1.124  -0.231  -2.736  7.055  
1999  -12.215  -3.346  0.053  -9.398  2.265  -1.502  1.547  -4.219  6.763  -3.095  -6.239  0.661  9.070  -3.482  
2000  -5.297  -5.053  2.578  -9.235  -2.368  0.817  -0.567  3.324  -7.704  4.441  -6.043  0.945  -9.234  -4.546  
2001  -2.679  -1.489  2.926  1.979  -3.343  3.012  0.159  2.555  -0.977  -3.876  3.754  -0.468  2.033  5.920  
2002  3.622  6.174  5.098  -0.714  -1.386  1.001  1.127  -1.143  -16.385  1.454  2.314  0.430  -0.652  -4.814  
2003  -1.970  3.382  3.068  -0.574  0.796  0.486  1.648  -0.762  -4.984  1.514  -7.489  0.859  -31.456  1.209  
2004  -0.222  -6.595  3.083  -2.379  0.975  -0.302  1.323  1.075  0.906  -1.467  7.771  0.116  -0.096  2.109  
2005  2.460  1.368  -0.387  11.958  -1.784  -0.483  -1.173  0.306  -2.512  -1.126  -5.850  -0.006  2.411  0.581  
















BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 
              1992 10.867  -4.017  0.858  1.136  -0.767  -3.593  0.437  7.934  0.853  -1.865  -0.850  2.665  -4.877  -5.740  
1993 6.472  6.537  2.910  15.359  -0.926  2.387  -3.566  -6.176  -0.258  2.206  0.407  4.329  -4.782  2.801  
1994 3.505  16.438  0.146  -2.916  1.331  2.330  0.197  -5.202  -2.570  -5.885  3.817  2.642  4.175  -4.967  
1995 9.685  6.558  3.255  0.918  1.349  -0.973  -2.022  -1.237  3.955  -1.940  10.998  4.582  1.350  4.482  
1996 -2.646  3.023  3.629  -12.927  -2.606  1.540  -0.725  -3.977  -3.856  -3.911  6.432  3.493  4.752  -0.536  
1997 -0.332  7.022  5.168  2.072  -2.102  -1.954  -0.691  0.290  3.040  3.721  3.527  3.675  1.157  1.688  
1998 10.015  10.233  1.749  1.850  -1.056  0.696  -0.262  8.097  4.073  1.962  5.814  2.564  -1.909  7.376  
1999 -10.318  2.460  3.523  -9.971  3.712  -0.633  2.513  -5.370  8.888  -2.921  -1.761  3.505  9.863  -3.273  
2000 -1.599  0.893  6.194  -9.702  -0.941  1.932  0.424  1.928  -6.199  4.634  -1.539  3.802  -8.538  -4.794  
2001 1.258  4.077  6.685  1.738  -1.962  3.900  1.329  1.168  0.455  -3.616  8.292  2.203  2.649  5.138  
2002 7.554  11.745  8.979  -0.881  0.031  1.558  2.281  -2.526  -15.215  1.785  6.871  3.144  -0.113  -6.212  
2003 1.520  9.055  7.087  -0.727  2.248  1.191  2.849  -2.140  -4.144  1.804  -2.980  3.672  -29.869  0.223  
2004 3.272  -1.027  7.175  -2.485  2.261  0.401  2.499  -0.253  1.729  -1.124  12.432  2.978  1.924  1.089  
2005 5.992  6.903  3.905  12.152  -0.305  0.248  0.089  -1.003  -1.708  -0.722  -1.197  2.773  4.468  -0.359  








e. Normal Frontier Function without fertilizer 
Input Elasticity Calculation 
Input Elasticity Labor Tractor Livestock Land Time 
countries year x1 x3 x4 x5 T 
1 1 -0.214  0.502  0.852  -0.017  -0.013  
2 1 -0.102  0.287  0.135  0.573  0.011  
3 1 0.775  0.051  -0.307  0.321  -0.002  
4 1 0.728  -0.374  -0.297  0.487  -0.011  
5 1 0.935  0.147  -0.043  0.069  -0.013  
6 1 0.433  -0.041  0.493  0.221  -0.023  
7 1 0.511  -0.041  0.309  0.402  -0.014  
8 1 0.794  0.326  0.924  -0.326  -0.039  
9 1 0.728  0.021  0.011  0.257  -0.011  
10 1 0.216  -0.047  0.655  0.192  -0.026  
11 1 0.926  0.210  -0.371  0.257  0.002  
12 1 0.679  0.084  -0.250  0.354  0.000  
13 1 0.714  0.174  -0.145  -0.005  -0.010  
14 1 0.004  -0.065  0.559  0.245  -0.021  
1 2 -0.183  0.497  0.829  -0.037  -0.014  
2 2 -0.041  0.279  0.108  0.531  0.010  
3 2 0.743  0.037  -0.320  0.366  0.000  
4 2 0.726  -0.373  -0.321  0.505  -0.010  
5 2 0.929  0.153  -0.072  0.095  -0.011  
6 2 0.423  -0.040  0.468  0.251  -0.021  
7 2 0.530  -0.046  0.292  0.393  -0.015  
8 2 0.843  0.334  0.904  -0.366  -0.039  
9 2 0.701  0.015  -0.001  0.298  -0.010  
10 2 0.243  -0.048  0.629  0.179  -0.026  
11 2 0.958  0.208  -0.402  0.243  0.002  
12 2 0.663  0.074  -0.269  0.386  0.001  
13 2 0.610  0.191  -0.166  0.122  -0.004  
14 2 -0.042  -0.066  0.537  0.312  -0.018  
1 3 -0.204  0.492  0.812  -0.002  -0.013  
2 3 -0.118  0.284  0.072  0.644  0.014  
3 3 0.729  0.034  -0.333  0.392  0.001  
4 3 0.707  -0.374  -0.338  0.537  -0.009  
5 3 0.929  0.157  -0.098  0.111  -0.010  
6 3 0.392  -0.040  0.448  0.303  -0.019  
7 3 0.538  -0.043  0.253  0.413  -0.013  
8 3 0.816  0.341  0.893  -0.327  -0.038  
9 3 0.635  0.015  -0.036  0.399  -0.006  
10 3 0.221  -0.041  0.582  0.238  -0.023  
11 3 0.997  0.210  -0.433  0.221  0.002  
12 3 0.647  0.064  -0.287  0.415  0.002  
13 3 0.605  0.156  -0.060  0.034  -0.010  
14 3 0.003  -0.068  0.513  0.278  -0.019  
1 4 -0.302  0.486  0.805  0.113  -0.009  
2 4 -0.143  0.277  0.078  0.673  0.015  
3 4 0.667  0.033  -0.346  0.471  0.004  
4 4 0.698  -0.374  -0.357  0.559  -0.008  
5 4 0.924  0.162  -0.124  0.134  -0.008  




7 4 0.504  -0.044  0.240  0.463  -0.011  
8 4 0.811  0.350  0.880  -0.310  -0.036  
9 4 0.648  0.010  -0.048  0.394  -0.006  
10 4 0.193  -0.039  0.555  0.290  -0.020  
11 4 0.984  0.209  -0.455  0.251  0.003  
12 4 0.635  0.052  -0.300  0.436  0.003  
13 4 0.599  0.156  -0.097  0.060  -0.008  
14 4 -0.052  -0.069  0.491  0.353  -0.016  
1 5 -0.038  0.484  0.753  -0.149  -0.017  
2 5 -0.283  0.272  0.087  0.831  0.020  
3 5 0.598  0.031  -0.353  0.554  0.007  
4 5 0.658  -0.374  -0.376  0.616  -0.005  
5 5 0.909  0.167  -0.148  0.166  -0.007  
6 5 0.323  -0.040  0.404  0.415  -0.015  
7 5 0.487  -0.047  0.228  0.491  -0.010  
8 5 0.809  0.359  0.867  -0.296  -0.035  
9 5 0.600  0.004  -0.050  0.449  -0.004  
10 5 0.178  -0.040  0.536  0.319  -0.019  
11 5 0.901  0.218  -0.505  0.383  0.009  
12 5 0.615  0.043  -0.314  0.469  0.004  
13 5 0.543  0.157  -0.131  0.143  -0.005  
14 5 -0.010  -0.071  0.466  0.322  -0.017  
1 6 0.126  0.528  0.717  -0.305  -0.020  
2 6 -0.273  0.272  0.063  0.837  0.021  
3 6 0.568  0.029  -0.364  0.596  0.008  
4 6 0.635  -0.375  -0.391  0.651  -0.004  
5 6 0.934  0.172  -0.174  0.155  -0.006  
6 6 0.361  -0.041  0.384  0.387  -0.015  
7 6 0.476  -0.049  0.215  0.513  -0.009  
8 6 0.805  0.363  0.853  -0.282  -0.034  
9 6 0.589  0.000  -0.063  0.472  -0.003  
10 6 0.166  -0.040  0.514  0.346  -0.018  
11 6 0.870  0.220  -0.534  0.439  0.012  
12 6 0.587  0.035  -0.330  0.511  0.005  
13 6 0.531  0.158  -0.172  0.178  -0.003  
14 6 -0.021  -0.074  0.449  0.346  -0.016  
1 7 0.014  0.523  0.712  -0.176  -0.016  
2 7 -0.315  0.266  0.066  0.887  0.022  
3 7 0.537  0.026  -0.376  0.640  0.010  
4 7 0.613  -0.373  -0.419  0.694  -0.002  
5 7 0.932  0.176  -0.195  0.168  -0.005  
6 7 0.305  -0.044  0.377  0.457  -0.013  
7 7 0.478  -0.051  0.200  0.523  -0.009  
8 7 0.805  0.360  0.838  -0.270  -0.034  
9 7 0.561  -0.008  -0.062  0.502  -0.002  
10 7 0.142  -0.041  0.497  0.385  -0.016  
11 7 0.897  0.224  -0.574  0.437  0.013  
12 7 0.542  0.025  -0.344  0.572  0.007  
13 7 0.531  0.153  -0.185  0.178  -0.003  
14 7 -0.071  -0.077  0.436  0.412  -0.013  
1 8 0.193  0.508  0.670  -0.350  -0.022  




3 8 0.529  0.025  -0.392  0.661  0.011  
4 8 0.601  -0.373  -0.440  0.721  0.000  
5 8 0.919  0.181  -0.221  0.200  -0.004  
6 8 0.246  -0.044  0.358  0.538  -0.010  
7 8 0.463  -0.053  0.186  0.551  -0.007  
8 8 0.801  0.346  0.823  -0.255  -0.034  
9 8 0.522  -0.012  -0.072  0.554  -0.001  
10 8 0.130  -0.041  0.476  0.413  -0.015  
11 8 0.866  0.223  -0.602  0.492  0.015  
12 8 0.540  0.018  -0.366  0.588  0.008  
13 8 0.519  0.143  -0.194  0.188  -0.002  
14 8 -0.076  -0.077  0.408  0.434  -0.012  
1 9 0.036  0.498  0.669  -0.173  -0.016  
2 9 -0.270  0.261  0.035  0.863  0.022  
3 9 0.487  0.024  -0.407  0.718  0.013  
4 9 0.580  -0.373  -0.461  0.758  0.001  
5 9 0.823  0.186  -0.235  0.316  0.001  
6 9 0.275  -0.043  0.330  0.527  -0.009  
7 9 0.467  -0.055  0.171  0.558  -0.007  
8 9 0.790  0.351  0.809  -0.233  -0.032  
9 9 0.466  -0.018  -0.072  0.617  0.002  
10 9 0.132  -0.040  0.451  0.427  -0.014  
11 9 0.906  0.223  -0.640  0.472  0.015  
12 9 0.511  0.008  -0.382  0.631  0.010  
13 9 0.514  0.143  -0.215  0.199  -0.002  
14 9 -0.069  -0.080  0.388  0.440  -0.011  
1 10 -0.128  0.523  0.541  0.084  -0.003  
2 10 -0.329  0.254  0.045  0.926  0.024  
3 10 0.453  0.022  -0.420  0.766  0.015  
4 10 0.548  -0.374  -0.473  0.800  0.003  
5 10 0.832  0.190  -0.263  0.324  0.002  
6 10 0.226  -0.045  0.319  0.591  -0.007  
7 10 0.454  -0.057  0.156  0.584  -0.006  
8 10 0.819  0.349  0.791  -0.251  -0.033  
9 10 0.465  -0.036  -0.021  0.575  -0.001  
10 10 0.126  -0.040  0.429  0.448  -0.012  
11 10 0.909  0.223  -0.675  0.493  0.016  
12 10 0.492  -0.003  -0.407  0.670  0.011  
13 10 0.501  0.139  -0.220  0.212  -0.001  
14 10 -0.004  -0.082  0.361  0.385  -0.013  
1 11 -0.123  0.532  0.482  0.123  -0.001  
2 11 -0.273  0.253  0.019  0.881  0.022  
3 11 0.419  0.021  -0.434  0.814  0.017  
4 11 0.524  -0.371  -0.506  0.849  0.005  
5 11 0.840  0.191  -0.291  0.332  0.003  
6 11 0.262  -0.045  0.292  0.570  -0.007  
7 11 0.414  -0.059  0.145  0.638  -0.004  
8 11 0.804  0.347  0.778  -0.225  -0.032  
9 11 0.466  -0.038  -0.037  0.586  -0.001  
10 11 0.110  -0.040  0.408  0.479  -0.011  
11 11 0.900  0.221  -0.700  0.520  0.018  




13 11 0.502  0.139  -0.242  0.216  0.000  
14 11 0.086  -0.081  0.321  0.309  -0.015  
1 12 -0.131  0.531  0.464  0.144  0.000  
2 12 -0.288  0.250  0.010  0.909  0.024  
3 12 0.389  0.019  -0.447  0.858  0.019  
4 12 0.514  -0.369  -0.533  0.876  0.007  
5 12 0.835  0.192  -0.318  0.354  0.004  
6 12 0.307  -0.046  0.271  0.535  -0.008  
7 12 0.407  -0.061  0.131  0.658  -0.003  
8 12 0.790  0.344  0.766  -0.199  -0.031  
9 12 0.491  -0.042  -0.056  0.572  -0.001  
10 12 0.095  -0.040  0.387  0.510  -0.009  
11 12 0.889  0.216  -0.726  0.549  0.019  
12 12 0.515  -0.002  -0.460  0.681  0.012  
13 12 0.502  0.138  -0.264  0.221  0.000  
14 12 0.174  -0.084  0.291  0.230  -0.017  
1 13 -0.065  0.530  0.437  0.088  -0.001  
2 13 -0.313  0.249  -0.006  0.948  0.025  
3 13 0.359  0.018  -0.463  0.903  0.021  
4 13 0.512  -0.368  -0.560  0.894  0.008  
5 13 0.833  0.194  -0.347  0.374  0.005  
6 13 0.272  -0.048  0.258  0.584  -0.006  
7 13 0.388  -0.064  0.119  0.690  -0.002  
8 13 0.775  0.342  0.754  -0.173  -0.030  
9 13 0.534  -0.044  -0.077  0.539  -0.002  
10 13 0.100  -0.040  0.362  0.520  -0.009  
11 13 0.898  0.217  -0.753  0.558  0.020  
12 13 0.493  -0.003  -0.478  0.718  0.014  
13 13 0.474  0.141  -0.299  0.273  0.003  
14 13 0.109  -0.083  0.270  0.316  -0.014  
1 14 -0.074  0.529  0.419  0.111  0.000  
2 14 -0.324  0.243  -0.007  0.965  0.026  
3 14 0.341  0.017  -0.482  0.936  0.022  
4 14 0.496  -0.368  -0.578  0.922  0.009  
5 14 0.862  0.195  -0.378  0.360  0.005  
6 14 0.261  -0.050  0.242  0.607  -0.005  
7 14 0.375  -0.067  0.109  0.713  -0.001  
8 14 0.754  0.340  0.742  -0.140  -0.028  
9 14 0.527  -0.045  -0.093  0.559  -0.001  
10 14 0.087  -0.040  0.341  0.548  -0.007  
11 14 0.874  0.218  -0.776  0.601  0.022  
12 14 0.478  -0.003  -0.497  0.747  0.015  
13 14 0.428  0.147  -0.345  0.348  0.007  
14 14 0.105  -0.085  0.251  0.332  -0.013  
1 15 -0.088  0.528  0.402  0.139  0.001  
2 15 -0.346  0.238  -0.006  0.993  0.026  
3 15 0.301  0.017  -0.498  0.993  0.024  
4 15 0.467  -0.365  -0.608  0.974  0.012  
5 15 0.832  0.197  -0.402  0.409  0.008  
6 15 0.246  -0.051  0.227  0.635  -0.004  
7 15 0.343  -0.070  0.102  0.755  0.001  




9 15 0.520  -0.047  -0.110  0.578  0.000  
10 15 0.076  -0.039  0.317  0.576  -0.006  
11 15 0.876  0.219  -0.802  0.617  0.023  
12 15 0.487  -0.004  -0.519  0.752  0.016  
13 15 0.444  0.151  -0.387  0.355  0.008  
14 15 0.096  -0.083  0.223  0.360  -0.011  
1 16 -0.090  0.518  0.419  0.137  0.000  
2 16 -0.365  0.233  -0.011  1.021  0.027  
3 16 0.286  0.016  -0.516  1.022  0.026  
4 16 0.474  -0.364  -0.636  0.984  0.013  
5 16 0.802  0.198  -0.426  0.458  0.010  
6 16 0.257  -0.053  0.209  0.636  -0.004  
7 16 0.379  -0.072  0.086  0.729  0.000  
8 16 0.721  0.335  0.718  -0.084  -0.026  
9 16 0.504  -0.048  -0.125  0.606  0.001  
10 16 0.063  -0.039  0.295  0.604  -0.004  
11 16 0.862  0.219  -0.826  0.648  0.024  
12 16 0.473  -0.004  -0.538  0.780  0.017  
13 16 0.440  0.157  -0.430  0.384  0.010  




Year BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 -1.347  1.092  -0.165  -1.143  -1.277  -2.296  -1.447  -3.857  -1.137  -2.579  0.218  -0.010  -0.955  -2.081  
1992 -1.390  0.958  -0.028  -1.031  -1.116  -2.144  -1.467  -3.937  -0.992  -2.580  0.217  0.106  -0.407  -1.812  
1993 -1.254  1.438  0.076  -0.887  -0.993  -1.927  -1.316  -3.753  -0.572  -2.265  0.203  0.206  -1.007  -1.891  
1994 -0.854  1.503  0.377  -0.776  -0.847  -1.799  -1.122  -3.639  -0.590  -2.027  0.346  0.268  -0.843  -1.591  
1995 -1.693  2.021  0.673  -0.540  -0.672  -1.455  -1.010  -3.540  -0.411  -1.891  0.925  0.379  -0.484  -1.663  
1996 -2.029  2.085  0.836  -0.392  -0.648  -1.521  -0.916  -3.450  -0.320  -1.757  1.182  0.528  -0.274  -1.554  
1997 -1.579  2.233  1.002  -0.184  -0.547  -1.272  -0.858  -3.390  -0.239  -1.589  1.262  0.735  -0.264  -1.308  
1998 -2.165  2.251  1.101  -0.047  -0.369  -0.954  -0.746  -3.358  -0.050  -1.451  1.501  0.807  -0.235  -1.178  
1999 -1.575  2.186  1.327  0.121  0.085  -0.943  -0.700  -3.238  0.153  -1.356  1.498  0.957  -0.152  -1.130  
2000 -0.342  2.362  1.515  0.291  0.176  -0.701  -0.588  -3.275  -0.141  -1.240  1.635  1.101  -0.105  -1.279  
2001 -0.074  2.249  1.702  0.535  0.263  -0.729  -0.387  -3.169  -0.079  -1.092  1.770  1.107  -0.045  -1.471  
2002 0.028  2.351  1.876  0.689  0.394  -0.816  -0.298  -3.064  -0.110  -0.945  1.906  1.237  0.019  -1.705  
2003 -0.119  2.515  2.062  0.807  0.525  -0.627  -0.172  -2.958  -0.194  -0.860  1.989  1.400  0.277  -1.360  
2004 -0.010  2.553  2.210  0.940  0.540  -0.524  -0.087  -2.828  -0.100  -0.722  2.184  1.535  0.655  -1.273  
2005 0.117  2.630  2.435  1.186  0.764  -0.403  0.064  -2.715  -0.006  -0.577  2.291  1.594  0.771  -1.117  















EC(%) BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 
              1992 -2.267  3.117  1.349  -0.503  1.763  2.852  0.867  -0.572  0.659  1.749  1.494  0.505  0.358  0.784  
1993 -0.064  2.329  0.845  -3.509  1.369  -0.507  0.181  0.804  0.285  1.054  0.930  0.525  5.922  -0.072  
1994 2.594  -2.882  0.628  0.870  1.302  -0.809  0.776  0.639  1.589  2.078  0.557  0.931  -0.115  1.160  
1995 -5.267  3.168  1.669  -1.168  0.733  1.236  1.734  0.366  0.181  1.362  -0.077  0.134  0.162  -0.668  
1996 2.222  2.437  1.119  3.098  2.855  0.265  1.293  0.771  1.904  2.222  0.314  0.562  -0.111  0.326  
1997 1.812  1.282  0.387  -0.426  2.033  1.866  1.243  0.486  0.360  -1.101  1.124  0.045  0.870  -0.516  
1998 -1.612  -1.354  2.287  -0.377  1.423  0.570  1.142  -0.284  0.145  -0.440  0.849  0.906  0.880  -1.403  
1999 6.862  1.595  0.660  1.464  -2.508  0.796  0.296  0.833  -1.298  1.645  2.685  0.265  -0.245  1.617  
2000 -2.894  3.633  -0.381  0.746  2.561  0.516  1.127  0.391  3.199  -1.612  2.998  0.148  0.750  1.979  
2001 0.181  0.339  -0.608  -0.094  3.021  -0.970  0.838  0.039  0.705  1.849  0.285  1.179  0.138  -0.967  
2002 0.446  -0.147  -1.906  0.113  1.887  -0.167  0.542  0.742  5.207  -0.421  0.802  0.154  0.194  4.235  
2003 1.707  -0.457  -0.425  0.107  1.113  0.142  0.155  0.877  2.543  -0.198  3.082  -0.610  -0.003  -1.255  
2004 1.763  3.472  -0.629  0.134  1.611  0.723  0.141  0.322  0.172  0.980  -1.114  0.317  0.032  0.762  
2005 1.235  0.140  2.093  -1.071  1.893  0.986  1.058  0.821  1.815  0.908  2.980  0.539  -0.089  -0.088  
















BA BE CR CB DR ES GA HA HO JA NI PA PR TT 
1991 
              1992 -3.658  4.075  1.321  -1.534  0.647  0.707  -0.600  -4.509  -0.333  -0.831  1.711  0.611  -0.049  -1.027  
1993 -1.319  3.767  0.921  -4.396  0.376  -2.433  -1.134  -2.949  -0.287  -1.211  1.133  0.732  4.914  -1.963  
1994 1.740  -1.379  1.006  0.094  0.455  -2.608  -0.347  -3.000  1.000  0.051  0.903  1.199  -0.958  -0.430  
1995 -6.959  5.189  2.343  -1.708  0.061  -0.219  0.724  -3.174  -0.229  -0.529  0.848  0.513  -0.322  -2.331  
1996 0.193  4.521  1.955  2.706  2.206  -1.256  0.376  -2.678  1.584  0.465  1.496  1.090  -0.385  -1.228  
1997 0.234  3.515  1.389  -0.610  1.486  0.594  0.384  -2.904  0.121  -2.690  2.386  0.780  0.606  -1.825  
1998 -3.777  0.897  3.388  -0.424  1.054  -0.384  0.397  -3.642  0.095  -1.891  2.349  1.713  0.645  -2.581  
1999 5.288  3.781  1.986  1.585  -2.423  -0.146  -0.404  -2.406  -1.145  0.289  4.183  1.222  -0.397  0.487  
2000 -3.236  5.995  1.135  1.037  2.737  -0.185  0.539  -2.884  3.058  -2.852  4.633  1.249  0.645  0.700  
2001 0.107  2.588  1.094  0.441  3.284  -1.699  0.451  -3.131  0.627  0.757  2.055  2.287  0.093  -2.438  
2002 0.474  2.204  -0.030  0.802  2.282  -0.983  0.244  -2.321  5.097  -1.365  2.707  1.391  0.214  2.529  
2003 1.588  2.058  1.637  0.914  1.638  -0.486  -0.018  -2.081  2.349  -1.058  5.071  0.791  0.274  -2.615  
2004 1.753  6.025  1.580  1.074  2.151  0.199  0.055  -2.505  0.072  0.259  1.070  1.853  0.687  -0.511  
2005 1.352  2.770  4.528  0.115  2.656  0.583  1.122  -1.894  1.809  0.331  5.271  2.133  0.682  -1.205  






f. Program Codes and Results 
Output Distance Function with fertilizer 
 
The Codes 
2               1=ERROR COMPONENTS MODEL, 2=TE EFFECTS MODEL 
ODF1-d.txt         DATA FILE NAME 
ODF1-o.txt         OUTPUT FILE NAME 
1               1=PRODUCTION FUNCTION, 2=COST FUNCTION 
y               LOGGED DEPENDENT VARIABLE (Y/N) 
14               NUMBER OF CROSS-SECTIONS 
16               NUMBER OF TIME PERIODS 
224              NUMBER OF OBSERVATIONS IN TOTAL 
35               NUMBER OF REGRESSOR VARIABLES (Xs)  
y               MU (Y/N) [OR DELTA0 (Y/N) IF USING TE EFFECTS MODEL] 
2               ETA (Y/N) [OR NUMBER OF TE EFFECTS REGRESSORS (Zs)] 
n               STARTING VALUES (Y/N) 
                IF YES THEN     BETA0               
                                BETA1 TO 
                                BETAK             
                                SIGMA SQUARED 
                                GAMMA 
                                MU              [OR DELTA0 
                                ETA                 DELTA1 TO 
                                                      DELTAP] 
 
                                NOTE: IF YOU ARE SUPPLYING STARTING VALUES 
                                AND YOU HAVE RESTRICTED MU [OR DELTA0] TO BE 
                                ZERO THEN YOU SHOULD NOT SUPPLY A STARTING 











Output from the program FRONTIER (Version 4.1c) 
 
instruction file = ODF1-i.txt   
data file =        ODF1-d.txt   
 
 Tech. Eff. Effects Frontier (see B&C 1993) 
 The model is a production function 
 The dependent variable is logged 
 
the ols estimates are : 
 
                 coefficient     standard-error    t-ratio 
 
  beta 0        -0.15512171E+01  0.12808363E+02 -0.12110970E+00 
  beta 1        -0.73715625E+02-NaN            -NaN             
  beta 2         0.36803159E+02-NaN            -NaN             
  beta 3         0.32539156E+01  0.19083179E+01  0.17051224E+01 
  beta 4        -0.34723859E+00  0.56983385E+00 -0.60936813E+00 
  beta 5        -0.18181107E+01  0.11061087E+01 -0.16436999E+01 




  beta 7        -0.78982254E+00  0.20984199E+01 -0.37638918E+00 
  beta 8        -0.31159364E+00  0.71378681E-01 -0.43653600E+01 
  beta 9        -0.34328659E+00  0.10689993E+00 -0.32112892E+01 
  beta10         0.67642949E-02  0.15694053E-01  0.43101006E+00 
  beta11         0.18317658E+00  0.35785277E-01  0.51187693E+01 
  beta12        -0.22140027E-01  0.15024140E+00 -0.14736302E+00 
  beta13        -0.90036092E+00  0.17730495E+00 -0.50780361E+01 
  beta14         0.77376807E-03  0.56615444E-03  0.13667085E+01 
  beta15         0.48646924E-03  0.49196344E-03  0.98883210E+00 
  beta16         0.80587816E-02  0.50589122E-02  0.15929871E+01 
  beta17         0.12165884E-01  0.38036793E-02  0.31984516E+01 
  beta18        -0.99346697E-03  0.41744874E-02 -0.23798538E+00 
  beta19         0.27950656E-01  0.88805027E-02  0.31474182E+01 
  beta20        -0.39045104E-01  0.88813313E-02 -0.43963121E+01 
  beta21        -0.27599758E-01  0.77833883E-02 -0.35459824E+01 
  beta22        -0.16420428E-01  0.33379205E-02 -0.49193587E+01 
  beta23         0.17333449E-01  0.12329210E-01  0.14058848E+01 
  beta24         0.25712216E-02  0.14014115E-01  0.18347371E+00 
  beta25         0.38927504E-01  0.14933394E-01  0.26067420E+01 
  beta26         0.26933511E+00  0.40970781E-01  0.65738339E+01 
  beta27         0.13465717E+00  0.97712719E-01  0.13780925E+01 
  beta28        -0.86150642E+00  0.20804541E+00 -0.41409537E+01 
  beta29         0.11737947E+01  0.25928405E+00  0.45270609E+01 
  beta30         0.46961594E-01  0.25771976E-01  0.18221961E+01 
  beta31        -0.59249626E-01  0.64326881E-01 -0.92107102E+00 
  beta32        -0.15830308E+00  0.66832407E-01 -0.23686575E+01 
  beta33        -0.12806473E-01  0.10248320E+00 -0.12496168E+00 
  beta34        -0.34230108E+00  0.99726448E-01 -0.34324002E+01 
  beta35         0.82614885E+00  0.19812696E+00  0.41697952E+01 
  sigma-squared  0.17817011E-01 
 
log likelihood function =   0.15287201E+03 
 
the estimates after the grid search were : 
 
  beta 0        -0.15290442E+01 
  beta 1        -0.73715625E+02 
  beta 2         0.36803159E+02 
  beta 3         0.32539156E+01 
  beta 4        -0.34723859E+00 
  beta 5        -0.18181107E+01 
  beta 6        -0.22916461E+00 
  beta 7        -0.78982254E+00 
  beta 8        -0.31159364E+00 
  beta 9        -0.34328659E+00 
  beta10         0.67642949E-02 
  beta11         0.18317658E+00 
  beta12        -0.22140027E-01 
  beta13        -0.90036092E+00 
  beta14         0.77376807E-03 
  beta15         0.48646924E-03 
  beta16         0.80587816E-02 
  beta17         0.12165884E-01 
  beta18        -0.99346697E-03 
  beta19         0.27950656E-01 
  beta20        -0.39045104E-01 
  beta21        -0.27599758E-01 
  beta22        -0.16420428E-01 
  beta23         0.17333449E-01 




  beta25         0.38927504E-01 
  beta26         0.26933511E+00 
  beta27         0.13465717E+00 
  beta28        -0.86150642E+00 
  beta29         0.11737947E+01 
  beta30         0.46961594E-01 
  beta31        -0.59249626E-01 
  beta32        -0.15830308E+00 
  beta33        -0.12806473E-01 
  beta34        -0.34230108E+00 
  beta35         0.82614885E+00 
  delta 0        0.00000000E+00 
  delta 1        0.00000000E+00 
  delta 2        0.00000000E+00 
  sigma-squared  0.15445199E-01 
  gamma          0.50000000E-01 
  
  
 iteration =     0  func evals =     20  llf =  0.15283599E+03 
    -0.15290442E+01-0.73715625E+02 0.36803159E+02 0.32539156E+01-0.34723859E+00 
    -0.18181107E+01-0.22916461E+00-0.78982254E+00-0.31159364E+00-0.34328659E+00 
     0.67642949E-02 0.18317658E+00-0.22140027E-01-0.90036092E+00 0.77376807E-03 
     0.48646924E-03 0.80587816E-02 0.12165884E-01-0.99346697E-03 0.27950656E-01 
    -0.39045104E-01-0.27599758E-01-0.16420428E-01 0.17333449E-01 0.25712216E-02 
     0.38927504E-01 0.26933511E+00 0.13465717E+00-0.86150642E+00 0.11737947E+01 
     0.46961594E-01-0.59249626E-01-0.15830308E+00-0.12806473E-01-0.34230108E+00 
     0.82614885E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.15445199E-01 
     0.50000000E-01 
 gradient step 
 iteration =     5  func evals =     42  llf =  0.18641191E+03 
    -0.15290509E+01-0.73715537E+02 0.36803336E+02 0.32539100E+01-0.34725747E+00 
    -0.18181295E+01-0.22921958E+00-0.78982880E+00-0.31161768E+00-0.34328232E+00 
     0.69162671E-02 0.18320642E+00-0.22484508E-01-0.90028987E+00 0.71767992E-03 
     0.49165125E-03 0.81184564E-02 0.12233134E-01-0.97898826E-03 0.27867427E-01 
    -0.38968329E-01-0.27723935E-01-0.16391146E-01 0.17540206E-01 0.31125905E-02 
     0.38785351E-01 0.26939766E+00 0.13469755E+00-0.86149981E+00 0.11738298E+01 
     0.47032120E-01-0.59253646E-01-0.15819376E+00-0.12861760E-01-0.34223853E+00 
     0.82619151E+00-0.12315786E-05 0.16759120E-04-0.46902759E-05 0.14854253E-01 
     0.50007685E-01 
 iteration =    10  func evals =     59  llf =  0.18946029E+03 
    -0.15290573E+01-0.73715412E+02 0.36803585E+02 0.32539003E+01-0.34728742E+00 
    -0.18181472E+01-0.22924816E+00-0.78984706E+00-0.31163739E+00-0.34338418E+00 
     0.68270945E-02 0.18314423E+00-0.22257302E-01-0.90036932E+00 0.77464301E-03 
     0.53130803E-03 0.81010455E-02 0.12060495E-01-0.97974875E-03 0.27983543E-01 
    -0.39063294E-01-0.27862061E-01-0.16695039E-01 0.17680316E-01 0.34382040E-02 
     0.38547843E-01 0.26932161E+00 0.13469507E+00-0.86150663E+00 0.11737539E+01 
     0.46941599E-01-0.59222586E-01-0.15830743E+00-0.12778783E-01-0.34231908E+00 
     0.82618218E+00-0.19155325E-04 0.17321700E-03-0.74493080E-04 0.11691155E-01 
     0.50053970E-01 
 iteration =    15  func evals =     78  llf =  0.18957189E+03 
    -0.15291406E+01-0.73714727E+02 0.36804956E+02 0.32537280E+01-0.34775078E+00 
    -0.18184828E+01-0.22977062E+00-0.79013824E+00-0.31206212E+00-0.34361159E+00 
     0.69538173E-02 0.18295326E+00-0.22034236E-01-0.90024529E+00 0.77191827E-03 
     0.52790960E-03 0.79470840E-02 0.12417996E-01-0.11330577E-02 0.27859651E-01 
    -0.38976806E-01-0.27679835E-01-0.16599451E-01 0.17690192E-01 0.29926742E-02 
     0.38627373E-01 0.26931376E+00 0.13538340E+00-0.86158501E+00 0.11738518E+01 
     0.46760122E-01-0.59431466E-01-0.15850865E+00-0.12529457E-01-0.34225051E+00 
     0.82591187E+00-0.33512439E-03 0.10893651E-02-0.12994742E-02 0.11670073E-01 
     0.50739861E-01 




    -0.15292386E+01-0.73714196E+02 0.36806018E+02 0.32535641E+01-0.34820115E+00 
    -0.18188616E+01-0.23039230E+00-0.79036337E+00-0.31245445E+00-0.34329205E+00 
     0.74492252E-02 0.18348164E+00-0.22081799E-01-0.90004748E+00 0.75363369E-03 
     0.52199980E-03 0.82217162E-02 0.12208286E-01-0.10465685E-02 0.28125102E-01 
    -0.39400820E-01-0.27626309E-01-0.16254148E-01 0.17219340E-01 0.26801723E-02 
     0.38821650E-01 0.26857716E+00 0.13499516E+00-0.86134061E+00 0.11740057E+01 
     0.46685721E-01-0.59460145E-01-0.15887540E+00-0.12918073E-01-0.34239249E+00 
     0.82633553E+00-0.50629749E-03 0.13194820E-02-0.17045881E-02 0.11669454E-01 
     0.53144333E-01 
 iteration =    25  func evals =    116  llf =  0.19119134E+03 
    -0.15300114E+01-0.73709256E+02 0.36815898E+02 0.32520881E+01-0.35190327E+00 
    -0.18226357E+01-0.23565166E+00-0.79265416E+00-0.31645420E+00-0.33987867E+00 
     0.37561674E-02 0.19303077E+00-0.22787075E-01-0.90025452E+00 0.87359047E-03 
     0.41997593E-03 0.51882490E-02 0.10916338E-01-0.93198550E-03 0.28558656E-01 
    -0.35857199E-01-0.24878837E-01-0.13731969E-01 0.13697683E-01 0.72380648E-04 
     0.38623865E-01 0.26914340E+00 0.13085230E+00-0.86011858E+00 0.11731852E+01 
     0.44869386E-01-0.50185909E-01-0.16216807E+00-0.20380822E-01-0.34536567E+00 
     0.82806720E+00-0.35488981E-02 0.12438860E-02 0.59884693E-03 0.11839680E-01 
     0.17637282E+00 
 iteration =    30  func evals =    139  llf =  0.20043280E+03 
    -0.15146387E+01-0.73715078E+02 0.36804254E+02 0.32517734E+01-0.40831153E+00 
    -0.18280254E+01-0.18035445E+00-0.81020665E+00-0.30086051E+00-0.33649485E+00 
     0.61916692E-02 0.17963999E+00-0.28877138E-01-0.90053473E+00 0.71605295E-03 
     0.46234271E-03 0.76625332E-02 0.11969584E-01-0.16264956E-02 0.27127829E-01 
    -0.37446531E-01-0.27932216E-01-0.16647376E-01 0.17471391E-01 0.34805284E-02 
     0.38310402E-01 0.25343288E+00 0.13652496E+00-0.85383321E+00 0.11699960E+01 
     0.43932560E-01-0.51249112E-01-0.14851534E+00-0.53605413E-02-0.34334794E+00 
     0.82167406E+00-0.32774916E+00 0.10975718E-02 0.76570597E-01 0.91092890E-02 
     0.85432030E-01 
 iteration =    35  func evals =    158  llf =  0.20274771E+03 
    -0.15500848E+01-0.73714589E+02 0.36805231E+02 0.32439991E+01-0.20257504E+00 
    -0.18499770E+01-0.32305510E+00-0.77404850E+00-0.31457703E+00-0.33480117E+00 
     0.62644504E-02 0.18366152E+00-0.14225617E-01-0.91394958E+00 0.75167825E-03 
     0.43782685E-03 0.89829999E-02 0.12025371E-01-0.57625688E-03 0.27903573E-01 
    -0.39478406E-01-0.28867524E-01-0.15990370E-01 0.18220988E-01 0.14123357E-02 
     0.40860026E-01 0.26995050E+00 0.15136096E+00-0.87976406E+00 0.11752411E+01 
     0.46942410E-01-0.73896043E-01-0.14787592E+00-0.90275128E-02-0.35872942E+00 
     0.84013626E+00-0.88131585E+00 0.90382115E-03 0.20783044E+00 0.10055101E-01 
     0.11095731E+00 
 iteration =    40  func evals =    197  llf =  0.20900047E+03 
    -0.14382556E+01-0.73705259E+02 0.36823889E+02 0.30596198E+01-0.48362831E+00 
    -0.16453450E+01-0.72572273E-01-0.96370774E+00-0.29526262E+00-0.30374621E+00 
     0.76279337E-02 0.17170441E+00-0.35402210E-01-0.81858971E+00 0.85438840E-03 
     0.49884419E-03 0.73565714E-02 0.12545647E-01-0.94950243E-03 0.26509644E-01 
    -0.38410983E-01-0.24759130E-01-0.15521865E-01 0.13842284E-01 0.67981311E-03 
     0.36430026E-01 0.26276031E+00 0.10261311E+00-0.78719100E+00 0.10355962E+01 
     0.43711149E-01-0.40185929E-01-0.16933161E+00-0.27633314E-01-0.27926158E+00 
     0.78422661E+00-0.54281379E+01-0.75773801E-03 0.12859787E+01 0.10516638E-01 
     0.12834709E+00 
 iteration =    45  func evals =    220  llf =  0.20970455E+03 
    -0.14338588E+01-0.73704621E+02 0.36825164E+02 0.30434868E+01-0.48054470E+00 
    -0.16261241E+01-0.74705449E-01-0.97848380E+00-0.29313869E+00-0.29826354E+00 
     0.75802642E-02 0.16981240E+00-0.35580729E-01-0.80952492E+00 0.86314938E-03 
     0.49040681E-03 0.72808906E-02 0.12489675E-01-0.91007318E-03 0.26303156E-01 
    -0.38199276E-01-0.24571054E-01-0.15328242E-01 0.13657488E-01 0.38535145E-03 
     0.36312339E-01 0.26132444E+00 0.10013665E+00-0.78025717E+00 0.10200956E+01 
     0.43356384E-01-0.39614108E-01-0.16895119E+00-0.27887854E-01-0.27424588E+00 
     0.77915827E+00-0.59147393E+01-0.82130080E-03 0.14011191E+01 0.10492689E-01 
     0.13506096E+00 




    -0.14338588E+01-0.73704621E+02 0.36825164E+02 0.30434868E+01-0.48054470E+00 
    -0.16261241E+01-0.74705450E-01-0.97848381E+00-0.29313869E+00-0.29826354E+00 
     0.75802642E-02 0.16981240E+00-0.35580729E-01-0.80952491E+00 0.86314938E-03 
     0.49040680E-03 0.72808906E-02 0.12489675E-01-0.91007316E-03 0.26303156E-01 
    -0.38199276E-01-0.24571054E-01-0.15328242E-01 0.13657488E-01 0.38535135E-03 
     0.36312339E-01 0.26132444E+00 0.10013665E+00-0.78025717E+00 0.10200956E+01 
     0.43356384E-01-0.39614108E-01-0.16895119E+00-0.27887854E-01-0.27424588E+00 
     0.77915827E+00-0.59147394E+01-0.82130083E-03 0.14011191E+01 0.10492689E-01 
     0.13506096E+00 
 
the final mle estimates are : 
 
                 coefficient     standard-error    t-ratio 
 
  beta 0        -0.14338588E+01  0.98390234E+00 -0.14573182E+01 
  beta 1        -0.73704621E+02  0.89479465E+00 -0.82370432E+02 
  beta 2         0.36825164E+02  0.45014424E+00  0.81807476E+02 
  beta 3         0.30434868E+01  0.95474627E+00  0.31877441E+01 
  beta 4        -0.48054470E+00  0.49882000E+00 -0.96336293E+00 
  beta 5        -0.16261241E+01  0.89801505E+00 -0.18107983E+01 
  beta 6        -0.74705450E-01  0.52445949E+00 -0.14244275E+00 
  beta 7        -0.97848381E+00  0.92708249E+00 -0.10554442E+01 
  beta 8        -0.29313869E+00  0.50563901E-01 -0.57973907E+01 
  beta 9        -0.29826354E+00  0.96420835E-01 -0.30933516E+01 
  beta10         0.75802642E-02  0.11544905E-01  0.65658957E+00 
  beta11         0.16981240E+00  0.32657084E-01  0.51998642E+01 
  beta12        -0.35580729E-01  0.43102550E-01 -0.82549011E+00 
  beta13        -0.80952491E+00  0.14008266E+00 -0.57789089E+01 
  beta14         0.86314938E-03  0.46947790E-03  0.18385304E+01 
  beta15         0.49040680E-03  0.37536787E-03  0.13064699E+01 
  beta16         0.72808906E-02  0.39449246E-02  0.18456349E+01 
  beta17         0.12489675E-01  0.27817055E-02  0.44899343E+01 
  beta18        -0.91007316E-03  0.34784983E-02 -0.26162818E+00 
  beta19         0.26303156E-01  0.60073987E-02  0.43784602E+01 
  beta20        -0.38199276E-01  0.60561846E-02 -0.63074821E+01 
  beta21        -0.24571054E-01  0.53076254E-02 -0.46293875E+01 
  beta22        -0.15328242E-01  0.29217621E-02 -0.52462321E+01 
  beta23         0.13657488E-01  0.11310590E-01  0.12074956E+01 
  beta24         0.38535135E-03  0.79367315E-02  0.48552903E-01 
  beta25         0.36312339E-01  0.77325233E-02  0.46960530E+01 
  beta26         0.26132444E+00  0.30807769E-01  0.84824200E+01 
  beta27         0.10013665E+00  0.81427065E-01  0.12297710E+01 
  beta28        -0.78025717E+00  0.12335576E+00 -0.63252592E+01 
  beta29         0.10200956E+01  0.21802600E+00  0.46787795E+01 
  beta30         0.43356384E-01  0.20076705E-01  0.21595369E+01 
  beta31        -0.39614108E-01  0.58677924E-01 -0.67511092E+00 
  beta32        -0.16895119E+00  0.51298069E-01 -0.32935195E+01 
  beta33        -0.27887854E-01  0.80423793E-01 -0.34676124E+00 
  beta34        -0.27424588E+00  0.83643775E-01 -0.32787363E+01 
  beta35         0.77915827E+00  0.10630559E+00  0.73294198E+01 
  delta 0       -0.59147394E+01  0.33951686E+01 -0.17421048E+01 
  delta 1       -0.82130083E-03  0.37914197E-02 -0.21662092E+00 
  delta 2        0.14011191E+01  0.80406658E+00  0.17425412E+01 
  sigma-squared  0.10492689E-01  0.11033603E-02  0.95097578E+01 
  gamma          0.13506096E+00  0.81303263E-01  0.16611998E+01 
 
log likelihood function =   0.20970455E+03 
 
LR test of the one-sided error =   0.11366507E+03 




 [note that this statistic has a mixed chi-square distribution] 
 
number of iterations =     46 
 
(maximum number of iterations set at :   100) 
 
number of cross-sections =     14 
 
number of time periods =     16 
 
total number of observations =    224 
 
thus there are:      0  obsns not in the panel 
 
covariance matrix : 
 
  0.96806381E+00  0.49588816E-02  0.99177241E-02 -0.13371357E-01  0.63950580E-01 
 -0.50758792E-01 -0.14489200E+00 -0.21685518E-02 -0.13021198E-03 -0.12442173E-02 
 -0.79443841E-03 -0.13662857E-03  0.65889939E-02 -0.86093875E-02 -0.14893091E-04 
 -0.13019723E-04 -0.16927691E-03 -0.22608127E-03  0.15054376E-03  0.12789625E-03 
  0.12018868E-03  0.37134654E-04  0.20535773E-03 -0.16078685E-02 -0.14933504E-02 
  0.97358022E-03 -0.18282942E-04 -0.75560578E-02  0.36068510E-02  0.48891560E-02 
  0.12446597E-02 -0.68460025E-02  0.57357446E-02  0.21717755E-02  0.61052182E-02 
 -0.86326444E-03 -0.84955624E-01  0.55995050E-04  0.20008140E-01 -0.54162125E-05 
  0.19220197E-02 
  0.49588816E-02  0.80065747E+00 -0.39868507E+00 -0.14955688E-01  0.90731583E-02 
 -0.44684950E-02  0.76017492E-02 -0.12579055E-01  0.81665905E-04  0.24003746E-04 
 -0.75062931E-04 -0.56632984E-04 -0.50030771E-03 -0.96444180E-03 -0.26112045E-05 
 -0.26336585E-05 -0.34161900E-04 -0.23412792E-04  0.24169659E-04  0.18445500E-06 
  0.31797175E-04  0.37561173E-04  0.34666741E-04 -0.25753711E-03 -0.16253908E-03 
  0.70102549E-04  0.87786272E-04 -0.12032093E-02  0.20488795E-02 -0.80750101E-03 
  0.19189873E-03 -0.10310325E-02  0.72542724E-03  0.18613288E-04  0.12253754E-02 
  0.90907710E-03 -0.13837075E-01 -0.33765910E-05  0.32781812E-02 -0.20247493E-06 
  0.41336391E-03 
  0.99177241E-02 -0.39868507E+00  0.20262984E+00 -0.29911262E-01  0.18146275E-01 
 -0.89372246E-02  0.15203537E-01 -0.25157897E-01  0.16330764E-03  0.47939564E-04 
 -0.15012503E-03 -0.11324481E-03 -0.10006151E-02 -0.19289831E-02 -0.52224859E-05 
 -0.52672265E-05 -0.68323086E-04 -0.46825045E-04  0.48338816E-04  0.37127788E-06 
  0.63592171E-04  0.75120366E-04  0.69331310E-04 -0.51507224E-03 -0.32507475E-03 
  0.14020610E-03  0.17558839E-03 -0.24063921E-02  0.40976893E-02 -0.16148222E-02 
  0.38380197E-03 -0.20620706E-02  0.14508481E-02  0.37231906E-04  0.24506923E-02 
  0.18182056E-02 -0.27668353E-01 -0.67517554E-05  0.65549892E-02 -0.40464408E-06 
  0.82663887E-03 
 -0.13371357E-01 -0.14955688E-01 -0.29911262E-01  0.91154044E+00 -0.15089986E+00 
 -0.86205711E-01 -0.12261578E+00 -0.87801616E-01 -0.79194420E-02 -0.24571657E-01 
  0.66384698E-03  0.83972843E-02  0.74531644E-02 -0.24813816E-01  0.65426255E-04 
  0.14159358E-03  0.49507339E-03  0.62206598E-03 -0.14635509E-02  0.13969420E-02 
 -0.14275537E-02  0.37931594E-03 -0.55286904E-03  0.42586384E-02  0.47649713E-02 
 -0.33421357E-02 -0.23559407E-03  0.31533348E-02 -0.94952230E-01  0.96261361E-01 
 -0.55811691E-02  0.18851503E-01 -0.12339868E-01  0.95396470E-02 -0.18827353E-01 
  0.15975380E-01  0.17304466E+00  0.40693377E-05 -0.40903809E-01 -0.65407969E-05 
 -0.49364264E-02 
  0.63950580E-01  0.90731583E-02  0.18146275E-01 -0.15089986E+00  0.24882139E+00 
 -0.12171557E+00  0.77374164E-01 -0.28317108E+00  0.54955058E-04  0.80783613E-04 
 -0.96984984E-03 -0.26476343E-02 -0.46983089E-02 -0.24418697E-01 -0.80184530E-04 
 -0.44682995E-04 -0.24124045E-03 -0.49297118E-03  0.23832750E-03  0.24311469E-03 
  0.36926708E-03  0.40174304E-03  0.72291132E-03 -0.37000777E-02 -0.23123411E-02 
  0.99420236E-03  0.19035553E-02 -0.19553843E-01  0.21385294E-01 -0.30575864E-02 
  0.29300472E-02 -0.27506511E-01  0.18070689E-01  0.90627023E-02  0.13957186E-01 





 -0.50758792E-01 -0.44684950E-02 -0.89372246E-02 -0.86205711E-01 -0.12171557E+00 
  0.80643103E+00 -0.32430355E+00 -0.13159119E+00 -0.75390535E-03  0.56281472E-01 
 -0.17999521E-03 -0.15350892E-01  0.27954369E-01  0.49983724E-01  0.46885383E-04 
 -0.38251080E-04  0.39817401E-03  0.20208702E-03  0.13854552E-02 -0.44453306E-03 
 -0.13836122E-02 -0.61266494E-03 -0.54135828E-03  0.39848212E-02 -0.66212903E-03 
  0.12701012E-02 -0.78531968E-02  0.34623287E-01  0.44230330E-02 -0.11210430E+00 
  0.10380970E-02  0.12125745E-01 -0.14191685E-02 -0.62594973E-01  0.23592745E-01 
 -0.10489303E-01 -0.43581224E+00 -0.16522111E-03  0.10329664E+00 -0.16105371E-04 
  0.72484166E-02 
 -0.14489200E+00  0.76017492E-02  0.15203537E-01 -0.12261578E+00  0.77374164E-01 
 -0.32430355E+00  0.27505775E+00 -0.10157334E+00 -0.36441630E-03 -0.22394782E-01 
 -0.49687064E-03  0.61347953E-02 -0.20883902E-01 -0.27020387E-01 -0.31397461E-04 
 -0.50476808E-06 -0.66941449E-03 -0.21094172E-03 -0.26057446E-03  0.35451065E-03 
  0.63798291E-03  0.75236426E-03  0.35705489E-03 -0.40261135E-02 -0.89560587E-03 
 -0.15144265E-03  0.35468796E-02 -0.25736082E-01  0.22158679E-01  0.32218466E-01 
  0.11939415E-02 -0.88356198E-02  0.41779007E-02  0.20202800E-01  0.58126723E-02 
  0.15541327E-01  0.15249129E-01  0.20459016E-03 -0.38856248E-02 -0.10426877E-04 
  0.12292841E-02 
 -0.21685518E-02 -0.12579055E-01 -0.25157897E-01 -0.87801616E-01 -0.28317108E+00 
 -0.13159119E+00 -0.10157334E+00  0.85948195E+00  0.33881278E-02 -0.13517682E-01 
  0.25974492E-02  0.71785778E-02  0.48752789E-02  0.40210550E-01  0.94857171E-04 
  0.21519667E-04  0.78245938E-03  0.52074599E-03 -0.55121677E-03 -0.11089445E-02 
  0.62507821E-03 -0.16538593E-02 -0.82790361E-03  0.55573489E-02  0.27753272E-02 
 -0.33347981E-03  0.10765254E-02  0.36462492E-01 -0.14907257E-01  0.21024607E-01 
 -0.38568845E-02  0.30988343E-01 -0.26423950E-01  0.16000878E-01 -0.50320341E-01 
 -0.60557065E-01  0.40519450E+00  0.21544285E-04 -0.95844944E-01  0.18422395E-04 
 -0.73475272E-02 
 -0.13021198E-03  0.81665905E-04  0.16330764E-03 -0.79194420E-02  0.54955058E-04 
 -0.75390535E-03 -0.36441630E-03  0.33881278E-02  0.25567081E-02  0.12906505E-02 
 -0.72089059E-04 -0.55603763E-03 -0.12307005E-03  0.27875044E-02 -0.49472626E-05 
 -0.12059848E-05  0.23447055E-04 -0.16582779E-04 -0.17044219E-04 -0.27562131E-03 
  0.22410170E-03  0.44483950E-04  0.50422886E-04 -0.52176777E-04 -0.13267020E-04 
 -0.87191776E-04 -0.33488759E-03 -0.81157043E-03  0.20037369E-02 -0.35261414E-02 
 -0.17600916E-03  0.42063282E-03 -0.14519090E-03  0.79005922E-03  0.78365861E-03 
 -0.21449891E-02 -0.46508852E-01 -0.22992179E-04  0.11030213E-01 -0.16450468E-05 
  0.61833726E-03 
 -0.12442173E-02  0.24003746E-04  0.47939564E-04 -0.24571657E-01  0.80783613E-04 
  0.56281472E-01 -0.22394782E-01 -0.13517682E-01  0.12906505E-02  0.92969773E-02 
 -0.26344515E-03 -0.22939497E-02  0.15032101E-02  0.92213777E-02 -0.12243397E-05 
 -0.11855507E-04  0.46617964E-04 -0.10679201E-05  0.13609897E-03 -0.19903507E-03 
  0.19311744E-04  0.31069290E-04  0.27863987E-04  0.26149297E-03 -0.23504706E-03 
  0.82605945E-04 -0.13481503E-02  0.24762739E-02  0.36993241E-02 -0.19420055E-01 
 -0.46439559E-04  0.40305321E-03  0.11006360E-02 -0.27577928E-02  0.16241893E-02 
 -0.25489182E-02 -0.13435024E+00 -0.39159174E-04  0.31825997E-01 -0.20524491E-05 
  0.19495212E-02 
 -0.79443841E-03 -0.75062931E-04 -0.15012503E-03  0.66384698E-03 -0.96984984E-03 
 -0.17999521E-03 -0.49687064E-03  0.25974492E-02 -0.72089059E-04 -0.26344515E-03 
  0.13328483E-03  0.58734273E-04  0.47788888E-04  0.16683008E-04  0.77858527E-06 
  0.10866219E-05  0.22564015E-05  0.56730359E-05 -0.10182121E-04  0.12238056E-04 
 -0.14790680E-04 -0.36503049E-05  0.25349106E-06  0.33436219E-04  0.12295156E-04 
 -0.73327692E-05  0.18364719E-03  0.96658145E-04 -0.19524771E-03  0.33806369E-03 
 -0.54134647E-04 -0.17943305E-04 -0.30020324E-03  0.28266461E-04 -0.14349833E-03 
 -0.19040939E-04  0.26232390E-02  0.37135703E-05 -0.62656416E-03  0.13685929E-05 
 -0.15765711E-03 
 -0.13662857E-03 -0.56632984E-04 -0.11324481E-03  0.83972843E-02 -0.26476343E-02 
 -0.15350892E-01  0.61347953E-02  0.71785778E-02 -0.55603763E-03 -0.22939497E-02 
  0.58734273E-04  0.10664851E-02 -0.30962759E-03 -0.30502235E-02  0.28965318E-05 
  0.37742916E-05 -0.17063291E-04  0.18179944E-04 -0.27664987E-04  0.55598848E-04 




  0.42514229E-05  0.31929263E-03  0.24378758E-03 -0.19617319E-02  0.55591526E-02 
 -0.12545554E-03  0.89794703E-04 -0.10831603E-03  0.33199744E-03 -0.11788460E-02 
  0.11916935E-02  0.42054228E-01  0.26418632E-04 -0.99802274E-02  0.73919710E-06 
 -0.43284927E-03 
  0.65889939E-02 -0.50030771E-03 -0.10006151E-02  0.74531644E-02 -0.46983089E-02 
  0.27954369E-01 -0.20883902E-01  0.48752789E-02 -0.12307005E-03  0.15032101E-02 
  0.47788888E-04 -0.30962759E-03  0.18578298E-02  0.12414723E-02  0.30552083E-05 
 -0.41581192E-06  0.41985167E-04  0.16311764E-04  0.31717085E-04 -0.20461216E-04 
 -0.48996927E-04 -0.61817211E-04 -0.37707180E-04  0.25546718E-03  0.80028376E-04 
  0.12653734E-04 -0.17679836E-03  0.20439774E-02 -0.18320708E-02 -0.18253266E-02 
  0.59251339E-05  0.38175244E-03 -0.12747557E-03 -0.22775304E-02 -0.62623678E-04 
 -0.79418885E-03  0.87382225E-02 -0.92193846E-05 -0.20545316E-02  0.15548141E-05 
 -0.24502596E-03 
 -0.86093875E-02 -0.96444180E-03 -0.19289831E-02 -0.24813816E-01 -0.24418697E-01 
  0.49983724E-01 -0.27020387E-01  0.40210550E-01  0.27875044E-02  0.92213777E-02 
  0.16683008E-04 -0.30502235E-02  0.12414723E-02  0.19623151E-01  0.34946741E-05 
 -0.37371167E-05  0.40015253E-04  0.39161233E-04 -0.89558357E-06 -0.32138667E-03 
  0.14123762E-03  0.22815216E-03  0.57872766E-04  0.57989715E-03  0.53091134E-04 
 -0.37355270E-03 -0.16385977E-02  0.13387836E-02  0.74432894E-02 -0.24610476E-01 
 -0.66863579E-03  0.39316311E-02 -0.23413866E-02 -0.28443097E-03  0.15095182E-02 
 -0.12149284E-01 -0.20497962E+00 -0.65273708E-04  0.48570404E-01 -0.59390519E-05 
  0.33519549E-02 
 -0.14893091E-04 -0.26112045E-05 -0.52224859E-05  0.65426255E-04 -0.80184530E-04 
  0.46885383E-04 -0.31397461E-04  0.94857171E-04 -0.49472626E-05 -0.12243397E-05 
  0.77858527E-06  0.28965318E-05  0.30552083E-05  0.34946741E-05  0.22040950E-06 
  0.81911901E-08 -0.45369569E-07  0.17048734E-06  0.52755077E-07  0.62154446E-07 
 -0.23148501E-06 -0.66511545E-07 -0.31641487E-06  0.13725929E-05  0.45440429E-06 
 -0.64411093E-07  0.12528480E-05  0.84666930E-05 -0.11658280E-04  0.44587869E-05 
 -0.82302655E-06  0.74188060E-05 -0.57375303E-05 -0.64139455E-05 -0.53546006E-05 
 -0.40394851E-05 -0.20568051E-03 -0.92303299E-07  0.48807828E-04 -0.94560501E-08 
  0.62159047E-05 
 -0.13019723E-04 -0.26336585E-05 -0.52672265E-05  0.14159358E-03 -0.44682995E-04 
 -0.38251080E-04 -0.50476808E-06  0.21519667E-04 -0.12059848E-05 -0.11855507E-04 
  0.10866219E-05  0.37742916E-05 -0.41581192E-06 -0.37371167E-05  0.81911901E-08 
  0.14090103E-06 -0.33377379E-06  0.51423443E-06 -0.83654303E-06  0.56898791E-06 
 -0.46088471E-06  0.62126212E-06 -0.23884695E-06  0.71619143E-06  0.91271696E-06 
 -0.10122933E-05  0.17739572E-05 -0.28802088E-05 -0.11272044E-04  0.22807992E-04 
 -0.29320479E-05  0.47331450E-05 -0.50021146E-05  0.26536857E-05 -0.17609919E-05 
 -0.14388361E-05  0.18702978E-03  0.11391777E-06 -0.44434431E-04 -0.92222853E-08 
 -0.35564890E-05 
 -0.16927691E-03 -0.34161900E-04 -0.68323086E-04  0.49507339E-03 -0.24124045E-03 
  0.39817401E-03 -0.66941449E-03  0.78245938E-03  0.23447055E-04  0.46617964E-04 
  0.22564015E-05 -0.17063291E-04  0.41985167E-04  0.40015253E-04 -0.45369569E-07 
 -0.33377379E-06  0.15562430E-04 -0.16118876E-05  0.44319219E-05 -0.53512217E-05 
 -0.80026196E-05 -0.10111361E-04  0.70029241E-07  0.17779658E-04  0.32219450E-05 
  0.56263927E-05 -0.25948384E-05  0.13317158E-03 -0.16299809E-03  0.17668390E-04 
  0.13592519E-04  0.29090076E-04 -0.41883770E-04  0.29458630E-06 -0.13086638E-03 
  0.10001923E-04  0.17896095E-02 -0.96125832E-06 -0.42251179E-03 -0.13894973E-06 
 -0.87055960E-04 
 -0.22608127E-03 -0.23412792E-04 -0.46825045E-04  0.62206598E-03 -0.49297118E-03 
  0.20208702E-03 -0.21094172E-03  0.52074599E-03 -0.16582779E-04 -0.10679201E-05 
  0.56730359E-05  0.18179944E-04  0.16311764E-04  0.39161233E-04  0.17048734E-06 
  0.51423443E-06 -0.16118876E-05  0.77378858E-05 -0.43268886E-05  0.41710293E-06 
 -0.40910248E-05  0.15681650E-05 -0.36738525E-05  0.10113883E-04  0.61335912E-05 
 -0.32143603E-05  0.62348810E-05  0.41178952E-04 -0.73205594E-04  0.94781831E-05 
 -0.26381128E-04  0.46453150E-04 -0.24776394E-04 -0.10639952E-04 -0.34796512E-04 
 -0.38663543E-04  0.10060558E-02  0.11712320E-05 -0.23983726E-03 -0.16723429E-06 
 -0.33837054E-04 
  0.15054376E-03  0.24169659E-04  0.48338816E-04 -0.14635509E-02  0.23832750E-03 




 -0.10182121E-04 -0.27664987E-04  0.31717085E-04 -0.89558357E-06  0.52755077E-07 
 -0.83654303E-06  0.44319219E-05 -0.43268886E-05  0.12099950E-04 -0.26572813E-05 
 -0.36517297E-05 -0.74755043E-05  0.14618107E-06 -0.28872867E-05 -0.11325990E-04 
  0.15243450E-04 -0.68289628E-05  0.86968995E-04  0.75907739E-04 -0.25853890E-03 
  0.29948650E-04 -0.34891065E-04  0.44173931E-04 -0.14174343E-03  0.35403377E-04 
  0.85022990E-04 -0.69168473E-03 -0.27075993E-06  0.16404832E-03 -0.21530451E-06 
  0.16500056E-04 
  0.12789625E-03  0.18445500E-06  0.37127788E-06  0.13969420E-02  0.24311469E-03 
 -0.44453306E-03  0.35451065E-03 -0.11089445E-02 -0.27562131E-03 -0.19903507E-03 
  0.12238056E-04  0.55598848E-04 -0.20461216E-04 -0.32138667E-03  0.62154446E-07 
  0.56898791E-06 -0.53512217E-05  0.41710293E-06 -0.26572813E-05  0.36088839E-04 
 -0.25830867E-04  0.14498563E-05 -0.29132688E-05 -0.15768264E-05  0.74205554E-06 
  0.31819071E-05  0.39340520E-04 -0.17835505E-04 -0.18357606E-03  0.45364382E-03 
  0.16951291E-04 -0.66987079E-04  0.11839948E-04 -0.29238085E-04 -0.27919203E-04 
  0.24973976E-03  0.43383243E-02  0.21070391E-05 -0.10289120E-02  0.28681561E-06 
 -0.53923165E-04 
  0.12018868E-03  0.31797175E-04  0.63592171E-04 -0.14275537E-02  0.36926708E-03 
 -0.13836122E-02  0.63798291E-03  0.62507821E-03  0.22410170E-03  0.19311744E-04 
 -0.14790680E-04 -0.19721111E-04 -0.48996927E-04  0.14123762E-03 -0.23148501E-06 
 -0.46088471E-06 -0.80026196E-05 -0.40910248E-05 -0.36517297E-05 -0.25830867E-04 
  0.36677372E-04  0.59450338E-05  0.49131036E-05 -0.20217931E-04 -0.53514974E-07 
 -0.11175996E-04 -0.32729881E-04 -0.15024531E-03  0.26845164E-03 -0.14183466E-03 
 -0.12180507E-04  0.18787384E-05  0.31289112E-04  0.14164190E-03  0.84012416E-04 
 -0.22559066E-03 -0.42672499E-02 -0.14856597E-05  0.10120345E-02  0.25452173E-06 
  0.11520276E-03 
  0.37134654E-04  0.37561173E-04  0.75120366E-04  0.37931594E-03  0.40174304E-03 
 -0.61266494E-03  0.75236426E-03 -0.16538593E-02  0.44483950E-04  0.31069290E-04 
 -0.36503049E-05 -0.30810706E-04 -0.61817211E-04  0.22815216E-03 -0.66511545E-07 
  0.62126212E-06 -0.10111361E-04  0.15681650E-05 -0.74755043E-05  0.14498563E-05 
  0.59450338E-05  0.28170887E-04  0.55012324E-05 -0.22688942E-04 -0.26756573E-05 
 -0.27280031E-04 -0.57620895E-05 -0.28855326E-03  0.26825852E-03 -0.28136120E-03 
 -0.14218440E-04 -0.13132044E-04 -0.13963309E-05  0.77892043E-04  0.24442556E-03 
 -0.14307191E-03 -0.47551235E-02 -0.35253583E-07  0.11251513E-02  0.54142357E-07 
  0.15035980E-03 
  0.20535773E-03  0.34666741E-04  0.69331310E-04 -0.55286904E-03  0.72291132E-03 
 -0.54135828E-03  0.35705489E-03 -0.82790361E-03  0.50422886E-04  0.27863987E-04 
  0.25349106E-06 -0.28769925E-04 -0.37707180E-04  0.57872766E-04 -0.31641487E-06 
 -0.23884695E-06  0.70029241E-07 -0.36738525E-05  0.14618107E-06 -0.29132688E-05 
  0.49131036E-05  0.55012324E-05  0.85366935E-05 -0.16636765E-04 -0.10789003E-04 
 -0.17803408E-05  0.33525218E-06 -0.12360098E-03  0.15652350E-03 -0.14292368E-03 
  0.12609380E-05 -0.56782113E-04  0.15635758E-04  0.68748665E-04  0.95555393E-04 
 -0.11869905E-04 -0.41414390E-02 -0.17929489E-05  0.98262330E-03  0.12871991E-06 
  0.11530773E-03 
 -0.16078685E-02 -0.25753711E-03 -0.51507224E-03  0.42586384E-02 -0.37000777E-02 
  0.39848212E-02 -0.40261135E-02  0.55573489E-02 -0.52176777E-04  0.26149297E-03 
  0.33436219E-04 -0.46466519E-04  0.25546718E-03  0.57989715E-03  0.13725929E-05 
  0.71619143E-06  0.17779658E-04  0.10113883E-04 -0.28872867E-05 -0.15768264E-05 
 -0.20217931E-04 -0.22688942E-04 -0.16636765E-04  0.12792944E-03  0.42056647E-04 
 -0.40138033E-05 -0.38526230E-04  0.69596399E-03 -0.75977905E-03 -0.22358194E-03 
 -0.57197410E-04  0.39767018E-03 -0.28218991E-03 -0.12720787E-03 -0.56722453E-03 
 -0.33747931E-03  0.35791375E-02 -0.13812014E-05 -0.84561348E-03  0.88819484E-07 
 -0.17960715E-03 
 -0.14933504E-02 -0.16253908E-03 -0.32507475E-03  0.47649713E-02 -0.23123411E-02 
 -0.66212903E-03 -0.89560587E-03  0.27753272E-02 -0.13267020E-04 -0.23504706E-03 
  0.12295156E-04  0.80413854E-04  0.80028376E-04  0.53091134E-04  0.45440429E-06 
  0.91271696E-06  0.32219450E-05  0.61335912E-05 -0.11325990E-04  0.74205554E-06 
 -0.53514974E-07 -0.26756573E-05 -0.10789003E-04  0.42056647E-04  0.62991708E-04 
 -0.39812159E-04 -0.20105803E-04  0.12691422E-03 -0.53672045E-03  0.66880321E-03 
 -0.53144665E-04  0.26767405E-03 -0.17380465E-03  0.61658661E-04 -0.22686579E-03 





  0.97358022E-03  0.70102549E-04  0.14020610E-03 -0.33421357E-02  0.99420236E-03 
  0.12701012E-02 -0.15144265E-03 -0.33347981E-03 -0.87191776E-04  0.82605945E-04 
 -0.73327692E-05  0.42514229E-05  0.12653734E-04 -0.37355270E-03 -0.64411093E-07 
 -0.10122933E-05  0.56263927E-05 -0.32143603E-05  0.15243450E-04  0.31819071E-05 
 -0.11175996E-04 -0.27280031E-04 -0.17803408E-05 -0.40138033E-05 -0.39812159E-04 
  0.59791916E-04  0.26018156E-04  0.23511008E-03  0.29286603E-04 -0.48330848E-04 
  0.46753858E-04 -0.16355792E-03  0.13635354E-03 -0.16565648E-03 -0.11645037E-03 
  0.38849093E-03  0.24428517E-02 -0.29271015E-05 -0.57338234E-03 -0.13974081E-06 
 -0.53827280E-04 
 -0.18282942E-04  0.87786272E-04  0.17558839E-03 -0.23559407E-03  0.19035553E-02 
 -0.78531968E-02  0.35468796E-02  0.10765254E-02 -0.33488759E-03 -0.13481503E-02 
  0.18364719E-03  0.31929263E-03 -0.17679836E-03 -0.16385977E-02  0.12528480E-05 
  0.17739572E-05 -0.25948384E-05  0.62348810E-05 -0.68289628E-05  0.39340520E-04 
 -0.32729881E-04 -0.57620895E-05  0.33525218E-06 -0.38526230E-04 -0.20105803E-04 
  0.26018156E-04  0.94911864E-03 -0.46954466E-03 -0.64614754E-03  0.25575313E-02 
  0.16308020E-03 -0.55950739E-03 -0.63015438E-03  0.28941416E-03 -0.17317351E-03 
  0.11423452E-02  0.32088043E-01  0.48912385E-05 -0.75952134E-02  0.91109704E-06 
 -0.38050395E-03 
 -0.75560578E-02 -0.12032093E-02 -0.24063921E-02  0.31533348E-02 -0.19553843E-01 
  0.34623287E-01 -0.25736082E-01  0.36462492E-01 -0.81157043E-03  0.24762739E-02 
  0.96658145E-04  0.24378758E-03  0.20439774E-02  0.13387836E-02  0.84666930E-05 
 -0.28802088E-05  0.13317158E-03  0.41178952E-04  0.86968995E-04 -0.17835505E-04 
 -0.15024531E-03 -0.28855326E-03 -0.12360098E-03  0.69596399E-03  0.12691422E-03 
  0.23511008E-03 -0.46954466E-03  0.66303670E-02 -0.47174537E-02 -0.18824912E-02 
 -0.13317594E-03  0.17609530E-02 -0.55228627E-03 -0.28229492E-02 -0.43860404E-02 
 -0.20371039E-03  0.56549215E-01  0.14495927E-04 -0.13396270E-01  0.34935987E-05 
 -0.13020919E-02 
  0.36068510E-02  0.20488795E-02  0.40976893E-02 -0.94952230E-01  0.21385294E-01 
  0.44230330E-02  0.22158679E-01 -0.14907257E-01  0.20037369E-02  0.36993241E-02 
 -0.19524771E-03 -0.19617319E-02 -0.18320708E-02  0.74432894E-02 -0.11658280E-04 
 -0.11272044E-04 -0.16299809E-03 -0.73205594E-04  0.75907739E-04 -0.18357606E-03 
  0.26845164E-03  0.26825852E-03  0.15652350E-03 -0.75977905E-03 -0.53672045E-03 
  0.29286603E-04 -0.64614754E-03 -0.47174537E-02  0.15216644E-01 -0.16228219E-01 
  0.28600632E-03 -0.17941739E-02  0.14266413E-02  0.50725021E-03  0.60102110E-02 
 -0.48883678E-02 -0.13780460E+00 -0.29183306E-04  0.32630871E-01 -0.48723171E-05 
  0.26749912E-02 
  0.48891560E-02 -0.80750101E-03 -0.16148222E-02  0.96261361E-01 -0.30575864E-02 
 -0.11210430E+00  0.32218466E-01  0.21024607E-01 -0.35261414E-02 -0.19420055E-01 
  0.33806369E-03  0.55591526E-02 -0.18253266E-02 -0.24610476E-01  0.44587869E-05 
  0.22807992E-04  0.17668390E-04  0.94781831E-05 -0.25853890E-03  0.45364382E-03 
 -0.14183466E-03 -0.28136120E-03 -0.14292368E-03 -0.22358194E-03  0.66880321E-03 
 -0.48330848E-04  0.25575313E-02 -0.18824912E-02 -0.16228219E-01  0.47535337E-01 
  0.17248585E-03 -0.76420770E-03 -0.13819421E-02  0.47457943E-02 -0.65266089E-02 
  0.97201387E-02  0.35628548E+00  0.98542942E-04 -0.84394507E-01  0.91623867E-05 
 -0.56891250E-02 
  0.12446597E-02  0.19189873E-03  0.38380197E-03 -0.55811691E-02  0.29300472E-02 
  0.10380970E-02  0.11939415E-02 -0.38568845E-02 -0.17600916E-03 -0.46439559E-04 
 -0.54134647E-04 -0.12545554E-03  0.59251339E-05 -0.66863579E-03 -0.82302655E-06 
 -0.29320479E-05  0.13592519E-04 -0.26381128E-04  0.29948650E-04  0.16951291E-04 
 -0.12180507E-04 -0.14218440E-04  0.12609380E-05 -0.57197410E-04 -0.53144665E-04 
  0.46753858E-04  0.16308020E-03 -0.13317594E-03  0.28600632E-03  0.17248585E-03 
  0.40307408E-03 -0.46914971E-03  0.10734415E-03 -0.30929026E-03  0.23702628E-03 
  0.65389289E-03  0.82320254E-02 -0.37768972E-05 -0.19419950E-02  0.77413875E-06 
 -0.14420854E-03 
 -0.68460025E-02 -0.10310325E-02 -0.20620706E-02  0.18851503E-01 -0.27506511E-01 
  0.12125745E-01 -0.88356198E-02  0.30988343E-01  0.42063282E-03  0.40305321E-03 
 -0.17943305E-04  0.89794703E-04  0.38175244E-03  0.39316311E-02  0.74188060E-05 
  0.47331450E-05  0.29090076E-04  0.46453150E-04 -0.34891065E-04 -0.66987079E-04 




 -0.16355792E-03 -0.55950739E-03  0.17609530E-02 -0.17941739E-02 -0.76420770E-03 
 -0.46914971E-03  0.34430988E-02 -0.19726317E-02 -0.53150854E-03 -0.12739613E-02 
 -0.35824240E-02 -0.21948622E-01  0.11339752E-04  0.51800433E-02 -0.41895694E-05 
  0.64417165E-03 
  0.57357446E-02  0.72542724E-03  0.14508481E-02 -0.12339868E-01  0.18070689E-01 
 -0.14191685E-02  0.41779007E-02 -0.26423950E-01 -0.14519090E-03  0.11006360E-02 
 -0.30020324E-03 -0.10831603E-03 -0.12747557E-03 -0.23413866E-02 -0.57375303E-05 
 -0.50021146E-05 -0.41883770E-04 -0.24776394E-04  0.44173931E-04  0.11839948E-04 
  0.31289112E-04 -0.13963309E-05  0.15635758E-04 -0.28218991E-03 -0.17380465E-03 
  0.13635354E-03 -0.63015438E-03 -0.55228627E-03  0.14266413E-02 -0.13819421E-02 
  0.10734415E-03 -0.19726317E-02  0.26314919E-02 -0.18506499E-03  0.91735974E-03 
  0.22246069E-02 -0.54634327E-02 -0.10386027E-04  0.13036364E-02 -0.45303864E-07 
 -0.11872943E-03 
  0.21717755E-02  0.18613288E-04  0.37231906E-04  0.95396470E-02  0.90627023E-02 
 -0.62594973E-01  0.20202800E-01  0.16000878E-01  0.79005922E-03 -0.27577928E-02 
  0.28266461E-04  0.33199744E-03 -0.22775304E-02 -0.28443097E-03 -0.64139455E-05 
  0.26536857E-05  0.29458630E-06 -0.10639952E-04 -0.14174343E-03 -0.29238085E-04 
  0.14164190E-03  0.77892043E-04  0.68748665E-04 -0.12720787E-03  0.61658661E-04 
 -0.16565648E-03  0.28941416E-03 -0.28229492E-02  0.50725021E-03  0.47457943E-02 
 -0.30929026E-03 -0.53150854E-03 -0.18506499E-03  0.64679866E-02 -0.23382447E-02 
 -0.11511458E-02  0.55522254E-02 -0.17242076E-04 -0.12902061E-02  0.13002058E-05 
 -0.43096313E-03 
  0.61052182E-02  0.12253754E-02  0.24506923E-02 -0.18827353E-01  0.13957186E-01 
  0.23592745E-01  0.58126723E-02 -0.50320341E-01  0.78365861E-03  0.16241893E-02 
 -0.14349833E-03 -0.11788460E-02 -0.62623678E-04  0.15095182E-02 -0.53546006E-05 
 -0.17609919E-05 -0.13086638E-03 -0.34796512E-04  0.35403377E-04 -0.27919203E-04 
  0.84012416E-04  0.24442556E-03  0.95555393E-04 -0.56722453E-03 -0.22686579E-03 
 -0.11645037E-03 -0.17317351E-03 -0.43860404E-02  0.60102110E-02 -0.65266089E-02 
  0.23702628E-03 -0.12739613E-02  0.91735974E-03 -0.23382447E-02  0.69962812E-02 
 -0.25756083E-03 -0.11284881E+00 -0.14819406E-04  0.26707793E-01 -0.58076329E-05 
  0.21265789E-02 
 -0.86326444E-03  0.90907710E-03  0.18182056E-02  0.15975380E-01  0.23658144E-01 
 -0.10489303E-01  0.15541327E-01 -0.60557065E-01 -0.21449891E-02 -0.25489182E-02 
 -0.19040939E-04  0.11916935E-02 -0.79418885E-03 -0.12149284E-01 -0.40394851E-05 
 -0.14388361E-05  0.10001923E-04 -0.38663543E-04  0.85022990E-04  0.24973976E-03 
 -0.22559066E-03 -0.14307191E-03 -0.11869905E-04 -0.33747931E-03 -0.25364358E-03 
  0.38849093E-03  0.11423452E-02 -0.20371039E-03 -0.48883678E-02  0.97201387E-02 
  0.65389289E-03 -0.35824240E-02  0.22246069E-02 -0.11511458E-02 -0.25756083E-03 
  0.11300878E-01  0.10283086E+00  0.38748554E-04 -0.24375588E-01  0.40252752E-05 
 -0.17506394E-02 
 -0.84955624E-01 -0.13837075E-01 -0.27668353E-01  0.17304466E+00  0.77256679E-02 
 -0.43581224E+00  0.15249129E-01  0.40519450E+00 -0.46508852E-01 -0.13435024E+00 
  0.26232390E-02  0.42054228E-01  0.87382225E-02 -0.20497962E+00 -0.20568051E-03 
  0.18702978E-03  0.17896095E-02  0.10060558E-02 -0.69168473E-03  0.43383243E-02 
 -0.42672499E-02 -0.47551235E-02 -0.41414390E-02  0.35791375E-02  0.69493698E-02 
  0.24428517E-02  0.32088043E-01  0.56549215E-01 -0.13780460E+00  0.35628548E+00 
  0.82320254E-02 -0.21948622E-01 -0.54634327E-02  0.55522254E-02 -0.11284881E+00 
  0.10283086E+00  0.11527170E+02  0.32271616E-02 -0.27298475E+01  
0.48084169E-03 
 -0.19134788E+00 
  0.55995050E-04 -0.33765910E-05 -0.67517554E-05  0.40693377E-05 -0.17060476E-03 
 -0.16522111E-03  0.20459016E-03  0.21544285E-04 -0.22992179E-04 -0.39159174E-04 
  0.37135703E-05  0.26418632E-04 -0.92193846E-05 -0.65273708E-04 -0.92303299E-07 
  0.11391777E-06 -0.96125832E-06  0.11712320E-05 -0.27075993E-06  0.21070391E-05 
 -0.14856597E-05 -0.35253583E-07 -0.17929489E-05 -0.13812014E-05  0.48950453E-05 
 -0.29271015E-05  0.48912385E-05  0.14495927E-04 -0.29183306E-04  0.98542942E-04 
 -0.37768972E-05  0.11339752E-04 -0.10386027E-04 -0.17242076E-04 -0.14819406E-04 
  0.38748554E-04  0.32271616E-02  0.14374863E-04 -0.78507478E-03  0.44484480E-07 
 -0.83979546E-04 




  0.10329664E+00 -0.38856248E-02 -0.95844944E-01  0.11030213E-01  0.31825997E-01 
 -0.62656416E-03 -0.99802274E-02 -0.20545316E-02  0.48570404E-01  0.48807828E-04 
 -0.44434431E-04 -0.42251179E-03 -0.23983726E-03  0.16404832E-03 -0.10289120E-02 
  0.10120345E-02  0.11251513E-02  0.98262330E-03 -0.84561348E-03 -0.16509375E-02 
 -0.57338234E-03 -0.75952134E-02 -0.13396270E-01  0.32630871E-01 -0.84394507E-01 
 -0.19419950E-02  0.51800433E-02  0.13036364E-02 -0.12902061E-02  0.26707793E-01 
 -0.24375588E-01 -0.27298475E+01 -0.78507478E-03  0.64652306E+00 -0.11374332E-03 
  0.45439664E-01 
 -0.54162125E-05 -0.20247493E-06 -0.40464408E-06 -0.65407969E-05  0.18467677E-04 
 -0.16105371E-04 -0.10426877E-04  0.18422395E-04 -0.16450468E-05 -0.20524491E-05 
  0.13685929E-05  0.73919710E-06  0.15548141E-05 -0.59390519E-05 -0.94560501E-08 
 -0.92222853E-08 -0.13894973E-06 -0.16723429E-06 -0.21530451E-06  0.28681561E-06 
  0.25452173E-06  0.54142357E-07  0.12871991E-06  0.88819484E-07  0.89006049E-09 
 -0.13974081E-06  0.91109704E-06  0.34935987E-05 -0.48723171E-05  0.91623867E-05 
  0.77413875E-06 -0.41895694E-05 -0.45303864E-07  0.13002058E-05 -0.58076329E-05 
  0.40252752E-05  0.48084169E-03  0.44484480E-07 -0.11374332E-03  0.12174039E-05 
  0.31831678E-05 
  0.19220197E-02  0.41336391E-03  0.82663887E-03 -0.49364264E-02 -0.78371963E-03 
  0.72484166E-02  0.12292841E-02 -0.73475272E-02  0.61833726E-03  0.19495212E-02 
 -0.15765711E-03 -0.43284927E-03 -0.24502596E-03  0.33519549E-02  0.62159047E-05 
 -0.35564890E-05 -0.87055960E-04 -0.33837054E-04  0.16500056E-04 -0.53923165E-04 
  0.11520276E-03  0.15035980E-03  0.11530773E-03 -0.17960715E-03 -0.16930930E-03 
 -0.53827280E-04 -0.38050395E-03 -0.13020919E-02  0.26749912E-02 -0.56891250E-02 
 -0.14420854E-03  0.64417165E-03 -0.11872943E-03 -0.43096313E-03  0.21265789E-02 
 -0.17506394E-02 -0.19134788E+00 -0.83979546E-04  0.45439664E-01  0.31831678E-05 
  0.66102206E-02 
 
technical efficiency estimates : 
 
     firm  year             eff.-est. 
 
       1     1           0.95856250E+00 
       2     1           0.91905469E+00 
       3     1           0.85734885E+00 
       4     1           0.86759065E+00 
       5     1           0.96759222E+00 
       6     1           0.98118237E+00 
       7     1           0.98954308E+00 
       8     1           0.99574459E+00 
       9     1           0.98236267E+00 
      10     1           0.92554870E+00 
      11     1           0.98545414E+00 
      12     1           0.89787905E+00 
      13     1           0.89753328E+00 
      14     1           0.96401362E+00 
       1     2           0.96683198E+00 
       2     2           0.90588822E+00 
       3     2           0.85335459E+00 
       4     2           0.87205116E+00 
       5     2           0.96491565E+00 
       6     2           0.97439388E+00 
       7     2           0.98939037E+00 
       8     2           0.99582380E+00 
       9     2           0.98176210E+00 
      10     2           0.93116345E+00 
      11     2           0.98163326E+00 
      12     2           0.91025506E+00 
      13     2           0.89485850E+00 
      14     2           0.95462627E+00 




       2     3           0.90420968E+00 
       3     3           0.84767686E+00 
       4     3           0.89605176E+00 
       5     3           0.96397241E+00 
       6     3           0.97472425E+00 
       7     3           0.98796654E+00 
       8     3           0.99561211E+00 
       9     3           0.97994401E+00 
      10     3           0.92748526E+00 
      11     3           0.97806717E+00 
      12     3           0.90755864E+00 
      13     3           0.86940540E+00 
      14     3           0.94959182E+00 
       1     4           0.96676273E+00 
       2     4           0.90907416E+00 
       3     4           0.84534073E+00 
       4     4           0.88996567E+00 
       5     4           0.96478281E+00 
       6     4           0.97712436E+00 
       7     4           0.98673592E+00 
       8     4           0.99529107E+00 
       9     4           0.97407855E+00 
      10     4           0.91668586E+00 
      11     4           0.97329257E+00 
      12     4           0.90440790E+00 
      13     4           0.87584587E+00 
      14     4           0.94480096E+00 
       1     5           0.97214209E+00 
       2     5           0.90107901E+00 
       3     5           0.83579457E+00 
       4     5           0.90077557E+00 
       5     5           0.96439279E+00 
       6     5           0.97061555E+00 
       7     5           0.98407030E+00 
       8     5           0.99479371E+00 
       9     5           0.98053828E+00 
      10     5           0.91376380E+00 
      11     5           0.97750265E+00 
      12     5           0.90319217E+00 
      13     5           0.88011949E+00 
      14     5           0.95797864E+00 
       1     6           0.97358361E+00 
       2     6           0.88110429E+00 
       3     6           0.83831144E+00 
       4     6           0.87861046E+00 
       5     6           0.96085267E+00 
       6     6           0.97396144E+00 
       7     6           0.98196329E+00 
       8     6           0.99467778E+00 
       9     6           0.97697739E+00 
      10     6           0.90676443E+00 
      11     6           0.98002790E+00 
      12     6           0.92012768E+00 
      13     6           0.88689917E+00 
      14     6           0.96458862E+00 
       1     7           0.97177252E+00 
       2     7           0.88474517E+00 
       3     7           0.84413374E+00 
       4     7           0.88274659E+00 




       6     7           0.96642034E+00 
       7     7           0.97965786E+00 
       8     7           0.99398862E+00 
       9     7           0.97887578E+00 
      10     7           0.91239094E+00 
      11     7           0.97639903E+00 
      12     7           0.91136239E+00 
      13     7           0.88540158E+00 
      14     7           0.96697603E+00 
       1     8           0.97118083E+00 
       2     8           0.89470672E+00 
       3     8           0.83863537E+00 
       4     8           0.88383741E+00 
       5     8           0.95382876E+00 
       6     8           0.96014410E+00 
       7     8           0.97716602E+00 
       8     8           0.99476268E+00 
       9     8           0.97784886E+00 
      10     8           0.91665789E+00 
      11     8           0.97541767E+00 
      12     8           0.91188643E+00 
      13     8           0.87200767E+00 
      14     8           0.97079511E+00 
       1     9           0.96263773E+00 
       2     9           0.88653677E+00 
       3     9           0.83111708E+00 
       4     9           0.86640376E+00 
       5     9           0.95578939E+00 
       6     9           0.96047478E+00 
       7     9           0.97678204E+00 
       8     9           0.99479276E+00 
       9     9           0.97986413E+00 
      10     9           0.91312911E+00 
      11     9           0.96839493E+00 
      12     9           0.90629019E+00 
      13     9           0.88272738E+00 
      14     9           0.96612958E+00 
       1    10           0.94347070E+00 
       2    10           0.87162373E+00 
       3    10           0.82765298E+00 
       4    10           0.84521378E+00 
       5    10           0.95228437E+00 
       6    10           0.95465426E+00 
       7    10           0.97210847E+00 
       8    10           0.99427035E+00 
       9    10           0.97546573E+00 
      10    10           0.92223962E+00 
      11    10           0.95026900E+00 
      12    10           0.90376630E+00 
      13    10           0.85613405E+00 
      14    10           0.96418521E+00 
       1    11           0.95083247E+00 
       2    11           0.86441125E+00 
       3    11           0.81769116E+00 
       4    11           0.84885303E+00 
       5    11           0.94537902E+00 
       6    11           0.96366334E+00 
       7    11           0.96601417E+00 
       8    11           0.99441051E+00 




      10    11           0.91624780E+00 
      11    11           0.92842189E+00 
      12    11           0.89929900E+00 
      13    11           0.85175200E+00 
      14    11           0.96897872E+00 
       1    12           0.94727579E+00 
       2    12           0.86905154E+00 
       3    12           0.82411017E+00 
       4    12           0.84338431E+00 
       5    12           0.94077561E+00 
       6    12           0.96868842E+00 
       7    12           0.96343819E+00 
       8    12           0.99426599E+00 
       9    12           0.95882063E+00 
      10    12           0.92179214E+00 
      11    12           0.92909795E+00 
      12    12           0.89031260E+00 
      13    12           0.83865717E+00 
      14    12           0.96068032E+00 
       1    13           0.93370718E+00 
       2    13           0.88762399E+00 
       3    13           0.82309375E+00 
       4    13           0.83838768E+00 
       5    13           0.94057109E+00 
       6    13           0.96658523E+00 
       7    13           0.96271978E+00 
       8    13           0.99399294E+00 
       9    13           0.95388744E+00 
      10    13           0.93532916E+00 
      11    13           0.93322525E+00 
      12    13           0.90020958E+00 
      13    13           0.84699742E+00 
      14    13           0.96111756E+00 
       1    14           0.92561285E+00 
       2    14           0.86917583E+00 
       3    14           0.82665923E+00 
       4    14           0.83195223E+00 
       5    14           0.93956792E+00 
       6    14           0.96369961E+00 
       7    14           0.95908759E+00 
       8    14           0.99389941E+00 
       9    14           0.95298958E+00 
      10    14           0.91799770E+00 
      11    14           0.93962079E+00 
      12    14           0.89376286E+00 
      13    14           0.84559195E+00 
      14    14           0.96572717E+00 
       1    15           0.91689210E+00 
       2    15           0.86062231E+00 
       3    15           0.81984306E+00 
       4    15           0.85040359E+00 
       5    15           0.93461493E+00 
       6    15           0.95765188E+00 
       7    15           0.95148651E+00 
       8    15           0.99353087E+00 
       9    15           0.94414351E+00 
      10    15           0.91390922E+00 
      11    15           0.90797567E+00 
      12    15           0.88592906E+00 




      14    15           0.96290904E+00 
       1    16           0.91826326E+00 
       2    16           0.86195828E+00 
       3    16           0.82153908E+00 
       4    16           0.85849734E+00 
       5    16           0.93226813E+00 
       6    16           0.95454016E+00 
       7    16           0.95242992E+00 
       8    16           0.99323171E+00 
       9    16           0.94002588E+00 
      10    16           0.91711899E+00 
      11    16           0.94720860E+00 
      12    16           0.88231481E+00 
      13    16           0.82863173E+00 
      14    16           0.96682959E+00 
 
 mean efficiency =   0.92875059E+00 
 
summary of panel of observations: 
(1 = observed, 0 = not observed) 
  t:   1   2   3   4   5   6   7   8   9  10  11  12  13  14  15  16 
   n 
   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   2   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   3   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   4   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   5   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   6   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   7   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   8   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   9   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  10   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  11   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  12   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  13   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  14   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
      14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14 224 
 







































The Codes  
 
2               1=ERROR COMPONENTS MODEL, 2=TE EFFECTS MODEL 
ODF1b-d.txt         DATA FILE NAME 
ODF1b-o.txt         OUTPUT FILE NAME 
1               1=PRODUCTION FUNCTION, 2=COST FUNCTION 
y               LOGGED DEPENDENT VARIABLE (Y/N) 
14               NUMBER OF CROSS-SECTIONS 
16               NUMBER OF TIME PERIODS 
224              NUMBER OF OBSERVATIONS IN TOTAL 
27               NUMBER OF REGRESSOR VARIABLES (Xs)  
y               MU (Y/N) [OR DELTA0 (Y/N) IF USING TE EFFECTS MODEL] 
2               ETA (Y/N) [OR NUMBER OF TE EFFECTS REGRESSORS (Zs)] 
n               STARTING VALUES (Y/N) 
                IF YES THEN     BETA0               
                                BETA1 TO 
                                BETAK             
                                SIGMA SQUARED 
                                GAMMA 
                                MU              [OR DELTA0 
                                ETA                 DELTA1 TO 
                                                      DELTAP] 
 
                                NOTE: IF YOU ARE SUPPLYING STARTING VALUES 
                                AND YOU HAVE RESTRICTED MU [OR DELTA0] TO BE 
                                ZERO THEN YOU SHOULD NOT SUPPLY A STARTING 










Output from the program FRONTIER (Version 4.1c) 
 




data file =        ODF1b-d.txt  
 
 Tech. Eff. Effects Frontier (see B&C 1993) 
 The model is a production function 
 The dependent variable is logged 
 
the ols estimates are : 
                 coefficient     standard-error    t-ratio 
  beta 0         0.21410030E+02  0.72819944E+01  0.29401327E+01 
  beta 1        -0.53020174E+00  0.15929098E+01 -0.33285107E+00 
  beta 2        -0.40441465E+00  0.42034131E+00 -0.96211016E+00 
  beta 3         0.28784462E+01  0.82029738E+00  0.35090276E+01 
  beta 4        -0.45896606E+01  0.17268358E+01 -0.26578443E+01 
  beta 5         0.29641291E+01  0.12941520E+01  0.22904027E+01 
  beta 6         0.12709642E+00  0.60814251E-01  0.20899118E+01 
  beta 7         0.99151285E-01  0.75202747E-01  0.13184530E+01 
  beta 8        -0.13408180E-01  0.14333899E-01 -0.93541749E+00 
  beta 9        -0.17002335E-01  0.23644802E-01 -0.71907283E+00 
  beta10         0.34750671E+00  0.10351432E+00  0.33570881E+01 
  beta11         0.17829327E+00  0.12367917E+00  0.14415788E+01 
  beta12         0.60690586E-03  0.50767193E-03  0.11954686E+01 
  beta13        -0.14382014E-01  0.36514003E-02 -0.39387666E+01 
  beta14        -0.86933198E-02  0.27043014E-02 -0.32146268E+01 
  beta15         0.57790955E-02  0.27504283E-02  0.21011620E+01 
  beta16        -0.14175311E-01  0.75364531E-02 -0.18808996E+01 
  beta17         0.28848909E-01  0.69837906E-02  0.41308382E+01 
  beta18        -0.30355829E+00  0.39333289E-01 -0.77175925E+01 
  beta19         0.19609535E+00  0.50576033E-01  0.38772386E+01 
  beta20         0.20738630E+00  0.16789557E+00  0.12352101E+01 
  beta21        -0.21234782E+00  0.18336238E+00 -0.11580773E+01 
  beta22        -0.76508558E-01  0.21362333E-01 -0.35814701E+01 
  beta23         0.78844631E-01  0.50178435E-01  0.15712852E+01 
  beta24         0.30450851E+00  0.55694477E-01  0.54674813E+01 
  beta25        -0.28408103E+00  0.84955365E-01 -0.33438858E+01 
  beta26         0.16534519E+00  0.67526527E-01  0.24485960E+01 
  beta27        -0.63215527E+00  0.15411623E+00 -0.41018086E+01 
  sigma-squared  0.17172935E-01 
 
log likelihood function =   0.15232841E+03 
 
the estimates after the grid search were : 
 
  beta 0         0.21518526E+02 
  beta 1        -0.53020174E+00 
  beta 2        -0.40441465E+00 
  beta 3         0.28784462E+01 
  beta 4        -0.45896606E+01 
  beta 5         0.29641291E+01 
  beta 6         0.12709642E+00 
  beta 7         0.99151285E-01 
  beta 8        -0.13408180E-01 
  beta 9        -0.17002335E-01 
  beta10         0.34750671E+00 
  beta11         0.17829327E+00 
  beta12         0.60690586E-03 
  beta13        -0.14382014E-01 
  beta14        -0.86933198E-02 
  beta15         0.57790955E-02 
  beta16        -0.14175311E-01 




  beta18        -0.30355829E+00 
  beta19         0.19609535E+00 
  beta20         0.20738630E+00 
  beta21        -0.21234782E+00 
  beta22        -0.76508558E-01 
  beta23         0.78844631E-01 
  beta24         0.30450851E+00 
  beta25        -0.28408103E+00 
  beta26         0.16534519E+00 
  beta27        -0.63215527E+00 
  delta 0        0.00000000E+00 
  delta 1        0.00000000E+00 
  delta 2        0.00000000E+00 
  sigma-squared  0.26797666E-01 
  gamma          0.69000000E+00 
  
  iteration =     0  func evals =     20  llf =  0.15440449E+03 
     0.21518526E+02-0.53020174E+00-0.40441465E+00 0.28784462E+01-0.45896606E+01 
     0.29641291E+01 0.12709642E+00 0.99151285E-01-0.13408180E-01-0.17002335E-01 
     0.34750671E+00 0.17829327E+00 0.60690586E-03-0.14382014E-01-0.86933198E-02 
     0.57790955E-02-0.14175311E-01 0.28848909E-01-0.30355829E+00 0.19609535E+00 
     0.20738630E+00-0.21234782E+00-0.76508558E-01 0.78844631E-01 0.30450851E+00 
    -0.28408103E+00 0.16534519E+00-0.63215527E+00 0.00000000E+00 0.00000000E+00 
     0.00000000E+00 0.26797666E-01 0.69000000E+00 
 gradient step 
 iteration =     5  func evals =     44  llf =  0.15542121E+03 
     0.21518521E+02-0.53022291E+00-0.40444236E+00 0.28784283E+01-0.45896962E+01 
     0.29641372E+01 0.12708465E+00 0.98972989E-01-0.13508140E-01-0.17020720E-01 
     0.34738221E+00 0.17864152E+00 0.55634929E-03-0.14461205E-01-0.88492425E-02 
     0.58326967E-02-0.14120006E-01 0.29122862E-01-0.30369043E+00 0.19610123E+00 
     0.20720033E+00-0.21231183E+00-0.76528735E-01 0.78721159E-01 0.30471024E+00 
    -0.28406198E+00 0.16559250E+00-0.63184657E+00-0.10037255E-05-0.33491736E-03 
    -0.73004931E-05 0.26756372E-01 0.69000708E+00 
 iteration =    10  func evals =     67  llf =  0.15819740E+03 
     0.21518594E+02-0.52984552E+00-0.40396994E+00 0.28788182E+01-0.45891311E+01 
     0.29644522E+01 0.12734823E+00 0.98038248E-01-0.13257791E-01-0.19068810E-01 
     0.34726665E+00 0.17864563E+00 0.65843702E-03-0.14746153E-01-0.93889490E-02 
     0.61768196E-02-0.14625570E-01 0.30462380E-01-0.30336054E+00 0.19772744E+00 
     0.20776692E+00-0.21294294E+00-0.75913763E-01 0.78235721E-01 0.30407761E+00 
    -0.28329039E+00 0.16545167E+00-0.63181240E+00 0.33167888E-03-0.14868774E-01 
     0.12764378E-02 0.29092152E-01 0.69035179E+00 
 iteration =    15  func evals =     84  llf =  0.16315934E+03 
     0.21520107E+02-0.52328835E+00-0.39296333E+00 0.28887312E+01-0.45775268E+01 
     0.29724051E+01 0.13558336E+00 0.96411667E-01-0.14045504E-01-0.28732446E-01 
     0.33906810E+00 0.18351587E+00 0.33351108E-03-0.14672613E-01-0.10177448E-01 
     0.48652357E-02-0.12364174E-01 0.28218660E-01-0.30271490E+00 0.19128734E+00 
     0.21476125E+00-0.21707278E+00-0.66847728E-01 0.74065866E-01 0.29988782E+00 
    -0.27122640E+00 0.15625542E+00-0.62287954E+00 0.11943132E-01-0.38591309E-01 
     0.49720857E-01 0.23570460E-01 0.69552090E+00 
 iteration =    20  func evals =    103  llf =  0.16444882E+03 
     0.21518680E+02-0.50979659E+00-0.37883029E+00 0.28918358E+01-0.45727415E+01 
     0.29800218E+01 0.12492531E+00 0.89467997E-01-0.10444731E-01-0.36045781E-01 
     0.33516863E+00 0.21950991E+00 0.35449216E-03-0.14051846E-01-0.10351335E-01 
     0.49379536E-02-0.10759088E-01 0.26093985E-01-0.28686311E+00 0.16729158E+00 
     0.22956753E+00-0.23196687E+00-0.65197714E-01 0.75831999E-01 0.26970184E+00 
    -0.26340729E+00 0.17376628E+00-0.63868484E+00 0.15705682E-01-0.43751977E-01 
     0.55922464E-01 0.23470526E-01 0.71096630E+00 
 iteration =    25  func evals =    120  llf =  0.16541930E+03 
     0.21505913E+02-0.48822809E+00-0.35496728E+00 0.28723448E+01-0.46006246E+01 




     0.33547754E+00 0.23696091E+00 0.25051256E-03-0.14428219E-01-0.99507122E-02 
     0.39211524E-02-0.11836806E-01 0.27290722E-01-0.29088882E+00 0.14947870E+00 
     0.24891793E+00-0.23790556E+00-0.76999174E-01 0.75359087E-01 0.27080446E+00 
    -0.24723242E+00 0.19271697E+00-0.66719547E+00 0.33446113E-01-0.44813888E-01 
     0.51806219E-01 0.29144474E-01 0.86990108E+00 
 iteration =    30  func evals =    139  llf =  0.17656714E+03 
     0.21276562E+02-0.77638840E-01-0.65355578E-01 0.19553570E+01-0.44061393E+01 
     0.32731868E+01 0.86132884E-01 0.21272988E-01-0.21794550E-02-0.31413923E-01 
     0.32124603E+00 0.17495659E+00 0.70844868E-03-0.14136364E-01-0.78331480E-02 
     0.17103671E-02-0.74358233E-02 0.23918896E-01-0.24418645E+00 0.11298857E+00 
     0.17187511E+00-0.74034244E-01-0.66065258E-01 0.35385278E-01 0.24428534E+00 
    -0.16745652E+00 0.14673996E+00-0.63353999E+00 0.10355431E+01-0.64226538E-01 
    -0.15371705E+00 0.20662822E-01 0.74028192E+00 
 iteration =    34  func evals =    161  llf =  0.17960532E+03 
     0.21096618E+02 0.31188095E+00-0.62912326E+00 0.21579327E+01-0.43076178E+01 
     0.35765703E+01 0.84924803E-01-0.10165295E-01-0.57819634E-02-0.19704929E-01 
     0.31458152E+00 0.16411970E+00 0.97991586E-03-0.13371171E-01-0.79060294E-02 
     0.18539539E-02-0.75979734E-02 0.23100123E-01-0.24021021E+00 0.11125730E+00 
     0.11749898E+00 0.24296331E-01-0.60977189E-01 0.10132225E+00 0.19312590E+00 
    -0.20624125E+00 0.16153047E+00-0.64684314E+00 0.13260665E+01-0.72846206E-01 
    -0.21656389E+00 0.18854377E-01 0.67925505E+00 
 
the final mle estimates are : 
 
                 coefficient     standard-error    t-ratio 
  beta 0         0.21096618E+02  0.97404588E+00  0.21658751E+02 
  beta 1         0.31188095E+00  0.75737351E+00  0.41179279E+00 
  beta 2        -0.62912326E+00  0.38233955E+00 -0.16454569E+01 
  beta 3         0.21579327E+01  0.85866983E+00  0.25131112E+01 
  beta 4        -0.43076178E+01  0.42059711E+00 -0.10241672E+02 
  beta 5         0.35765703E+01  0.76641327E+00  0.46666341E+01 
  beta 6         0.84924803E-01  0.57854118E-01  0.14679128E+01 
  beta 7        -0.10165295E-01  0.70854175E-01 -0.14346783E+00 
  beta 8        -0.57819634E-02  0.12787488E-01 -0.45215788E+00 
  beta 9        -0.19704929E-01  0.21714407E-01 -0.90745879E+00 
  beta10         0.31458152E+00  0.42476760E-01  0.74059678E+01 
  beta11         0.16411970E+00  0.96900505E-01  0.16936929E+01 
  beta12         0.97991586E-03  0.43232616E-03  0.22666124E+01 
  beta13        -0.13371171E-01  0.34682708E-02 -0.38552846E+01 
  beta14        -0.79060294E-02  0.23004709E-02 -0.34367005E+01 
  beta15         0.18539539E-02  0.25981205E-02  0.71357500E+00 
  beta16        -0.75979734E-02  0.70094745E-02 -0.10839576E+01 
  beta17         0.23100123E-01  0.68625720E-02  0.33661028E+01 
  beta18        -0.24021021E+00  0.39191841E-01 -0.61290870E+01 
  beta19         0.11125730E+00  0.53679845E-01  0.20726084E+01 
  beta20         0.11749898E+00  0.97225847E-01  0.12085158E+01 
  beta21         0.24296331E-01  0.15956678E+00  0.15226434E+00 
  beta22        -0.60977189E-01  0.17958722E-01 -0.33954080E+01 
  beta23         0.10132225E+00  0.47152988E-01  0.21487981E+01 
  beta24         0.19312590E+00  0.48036745E-01  0.40203785E+01 
  beta25        -0.20624125E+00  0.87880370E-01 -0.23468410E+01 
  beta26         0.16153047E+00  0.64850081E-01  0.24908291E+01 
  beta27        -0.64684314E+00  0.96866197E-01 -0.66776973E+01 
  delta 0        0.13260665E+01  0.94497684E+00  0.14032794E+01 
  delta 1       -0.72846206E-01  0.98808016E-02 -0.73724996E+01 
  delta 2       -0.21656389E+00  0.22173297E+00 -0.97668780E+00 
  sigma-squared  0.18854377E-01  0.32258434E-02  0.58447900E+01 
  gamma          0.67925505E+00  0.61959120E-01  0.10962955E+02 
 





LR test of the one-sided error =   0.54553742E+02 
with number of restrictions = 4 
 [note that this statistic has a mixed chi-square distribution] 
 
number of iterations =     34 
 
(maximum number of iterations set at :   100) 
 
number of cross-sections =     14 
 
number of time periods =     16 
 
total number of observations =    224 
 
thus there are:      0  obsns not in the panel 
 
covariance matrix : 
  0.94876538E+00  0.68050477E-01  0.15105297E-01 -0.21252442E-01 -0.20614396E+00 
  0.83253988E-01 -0.81583361E-03  0.28892521E-02 -0.61420438E-03 -0.81916267E-03 
  0.10758442E-01  0.65408172E-02 -0.18417757E-04  0.19984174E-04 -0.66212568E-04 
 -0.17740335E-04  0.16066170E-03 -0.57055009E-04 -0.25163816E-02  0.15884395E-03 
 -0.40500396E-02 -0.23223429E-02 -0.41625948E-03 -0.50033403E-03  0.32440578E-02 
  0.35292529E-02 -0.16973891E-02 -0.13260920E-01 -0.12086945E-01  0.68468695E-03 
  0.19226192E-02  0.88410983E-04  0.11799423E-03 
  0.68050477E-01  0.57361463E+00  0.58822734E-01 -0.14469948E+00  0.24013804E-01 
 -0.36597429E+00 -0.46686623E-02 -0.17216731E-01 -0.77735193E-03  0.42933019E-02 
 -0.25701327E-02 -0.59042905E-01  0.40948773E-05  0.58633450E-03 -0.96759089E-04 
 -0.40244051E-03  0.84117626E-03 -0.85220096E-03  0.68204002E-02 -0.13042959E-01 
 -0.67680513E-01  0.83397495E-01  0.30208862E-02 -0.78240270E-02  0.23204994E-03 
  0.84783193E-02 -0.12192792E-02  0.55780127E-01  0.60910773E-01 -0.17729372E-02 
 -0.12591024E-01 -0.87633832E-04 -0.13280275E-02 
  0.15105297E-01  0.58822734E-01  0.14618354E+00 -0.84014246E-01 -0.22375405E-01 
 -0.13066943E+00 -0.33973910E-02 -0.21895559E-02  0.26781726E-03 -0.16082896E-02 
  0.19307800E-02 -0.12817729E-01 -0.60086975E-05 -0.47979995E-04 -0.39350402E-04 
 -0.60826100E-04  0.40578258E-03 -0.14846571E-03  0.12464803E-02 -0.51573035E-02 
 -0.44204612E-02  0.75985605E-02 -0.46319185E-04 -0.16429110E-01  0.10660143E-01 
  0.10703360E-01 -0.18764160E-02  0.11865754E-01 -0.71774790E-01  0.73429554E-03 
  0.15878191E-01  0.20853857E-03  0.39798937E-02 
 -0.21252442E-01 -0.14469948E+00 -0.84014246E-01  0.73731387E+00 -0.25482475E+00 
 -0.19131104E+00  0.29448286E-02  0.29452100E-01  0.16655300E-03 -0.75575337E-02 
  0.28218727E-01  0.26216959E-01  0.10143698E-04 -0.81922151E-04 -0.12070879E-03 
  0.10732686E-02 -0.52896526E-03 -0.39450068E-03 -0.63170377E-02  0.17638203E-01 
  0.15307000E-01 -0.65520080E-01  0.14748921E-02  0.83921983E-02 -0.16579187E-02 
 -0.71573825E-01  0.42156262E-01 -0.12346050E-01 -0.22548400E-02  0.14168461E-02 
  0.35201992E-03 -0.23198792E-03 -0.27642401E-02 
 -0.20614396E+00  0.24013804E-01 -0.22375405E-01 -0.25482475E+00  0.17690193E+00 
  0.53652458E-01 -0.24311908E-02 -0.10405132E-01  0.23635627E-03  0.33371403E-02 
 -0.16846655E-01 -0.84745540E-02 -0.35176519E-05  0.51265001E-04 -0.81491699E-05 
 -0.29551082E-03  0.41850653E-03 -0.14869310E-03  0.26291707E-02 -0.53781081E-02 
 -0.25919242E-02  0.19903020E-01 -0.26306372E-03  0.22250810E-02 -0.37679347E-02 
  0.24030206E-01 -0.15864633E-01  0.10037029E-01  0.42264189E-01 -0.86099643E-03 
 -0.95821402E-02 -0.18464509E-04 -0.16331196E-02 
  0.83253988E-01 -0.36597429E+00 -0.13066943E+00 -0.19131104E+00  0.53652458E-01 
  0.58738930E+00  0.45715870E-02 -0.58299092E-02  0.32434022E-03  0.39317705E-02 
 -0.64184287E-02  0.40687759E-01  0.18569868E-04 -0.26882164E-03  0.30710835E-03 
 -0.39664716E-03 -0.79725019E-03  0.10654809E-02 -0.16920133E-02  0.60494106E-02 
  0.38284926E-01 -0.18735037E-01 -0.26788839E-02  0.16148127E-01 -0.10851857E-01 
  0.17438740E-01 -0.17979515E-01 -0.56762147E-01  0.25295755E-01 -0.54146642E-03 




 -0.81583361E-03 -0.46686623E-02 -0.33973910E-02  0.29448286E-02 -0.24311908E-02 
  0.45715870E-02  0.33470990E-02  0.99402726E-03 -0.26052746E-03 -0.33499888E-03 
  0.18186975E-04  0.15960192E-02 -0.50455846E-05 -0.68581580E-05  0.16125506E-04 
 -0.25873266E-04 -0.38656825E-03  0.31985570E-03 -0.77728608E-03 -0.17977909E-03 
  0.11943061E-02 -0.19300016E-02 -0.34355126E-03  0.87814971E-03  0.44430493E-03 
  0.43082995E-03  0.22474449E-03 -0.18412701E-02 -0.13662813E-01  0.66397013E-05 
  0.32121609E-02  0.27192782E-04  0.33983114E-03 
  0.28892521E-02 -0.17216731E-01 -0.21895559E-02  0.29452100E-01 -0.10405132E-01 
 -0.58299092E-02  0.99402726E-03  0.50203140E-02 -0.29790819E-03 -0.22694747E-03 
  0.10137900E-02  0.39343762E-02 -0.28727557E-05 -0.97587029E-06  0.51693677E-05 
  0.81706947E-04 -0.15579398E-03  0.73733470E-04 -0.13441303E-02  0.26226907E-02 
  0.16906168E-02 -0.98608519E-02 -0.41254430E-03  0.56568278E-03  0.16275228E-02 
 -0.25320668E-02  0.33775267E-04 -0.11018769E-02 -0.27147331E-02  0.19380287E-03 
  0.43725593E-03 -0.19350323E-04 -0.80320236E-03 
 -0.61420438E-03 -0.77735193E-03  0.26781726E-03  0.16655300E-03  0.23635627E-03 
  0.32434022E-03 -0.26052746E-03 -0.29790819E-03  0.16351984E-03  0.60409432E-04 
  0.45174225E-04 -0.13780933E-03  0.10676594E-05  0.20505452E-06  0.44993226E-05 
 -0.14029034E-05  0.32755519E-04 -0.36496703E-04  0.29085177E-03 -0.63804739E-04 
 -0.53318851E-05  0.24222279E-03 -0.18398815E-04 -0.22742515E-03 -0.27197370E-03 
 -0.99725110E-04  0.10613841E-03  0.17994217E-03  0.16874428E-02 -0.37622636E-05 
 -0.38059699E-03  0.25083861E-06  0.20220335E-03 
 -0.81916267E-03  0.42933019E-02 -0.16082896E-02 -0.75575337E-02  0.33371403E-02 
  0.39317705E-02 -0.33499888E-03 -0.22694747E-03  0.60409432E-04  0.47151546E-03 
 -0.22128414E-03 -0.50333573E-03  0.13291132E-05  0.23979260E-04  0.11608549E-04 
 -0.27388402E-05  0.29130921E-04 -0.47149648E-04  0.17690835E-03  0.47264381E-03 
 -0.10344481E-02  0.94960478E-03 -0.36644684E-04  0.57025373E-04 -0.17185181E-03 
  0.26852536E-03 -0.93184307E-03  0.61513468E-03  0.63223029E-02 -0.15454823E-04 
 -0.14914996E-02 -0.12557164E-04 -0.22303321E-03 
  0.10758442E-01 -0.25701327E-02  0.19307800E-02  0.28218727E-01 -0.16846655E-01 
 -0.64184287E-02  0.18186975E-04  0.10137900E-02  0.45174225E-04 -0.22128414E-03 
  0.18042752E-02  0.58080291E-03  0.16763939E-05  0.30980329E-05  0.58727804E-05 
  0.38857080E-04 -0.24153236E-04 -0.16405127E-04 -0.56456983E-04  0.77083611E-03 
 -0.59123453E-04 -0.18806032E-02  0.91205989E-04 -0.34517641E-03  0.22444476E-03 
 -0.29093347E-02  0.16618904E-02 -0.61793050E-03 -0.23104116E-02  0.88853386E-04 
  0.51255697E-03 -0.54799135E-05  0.12701420E-03 
  0.65408172E-02 -0.59042905E-01 -0.12817729E-01  0.26216959E-01 -0.84745540E-02 
  0.40687759E-01  0.15960192E-02  0.39343762E-02 -0.13780933E-03 -0.50333573E-03 
  0.58080291E-03  0.93897079E-02 -0.94146417E-06 -0.42570150E-04  0.12955438E-04 
  0.52658358E-04 -0.22270075E-03  0.16737411E-03 -0.16633945E-02  0.22225536E-02 
  0.76708296E-02 -0.12940495E-01 -0.68195476E-03  0.21001034E-02  0.17739522E-03 
 -0.16169509E-02  0.60034271E-04 -0.76806241E-02 -0.28422531E-02  0.14669189E-03 
  0.53682756E-03 -0.65717290E-06 -0.33119580E-03 
 -0.18417757E-04  0.40948773E-05 -0.60086975E-05  0.10143698E-04 -0.35176519E-05 
  0.18569868E-04 -0.50455846E-05 -0.28727557E-05  0.10676594E-05  0.13291132E-05 
  0.16763939E-05 -0.94146417E-06  0.18690591E-06  0.13890029E-06  0.63735296E-07 
  0.96435770E-07  0.14926901E-06 -0.35596807E-06  0.44627175E-05  0.28380324E-06 
 -0.35955857E-05  0.40021048E-05  0.74308392E-06 -0.95319665E-06 -0.46958111E-05 
 -0.35660636E-05  0.10227405E-05  0.13005278E-05  0.60600175E-04 -0.10273791E-05 
 -0.13629356E-04 -0.17623102E-06 -0.28544413E-05 
  0.19984174E-04  0.58633450E-03 -0.47979995E-04 -0.81922151E-04  0.51265001E-04 
 -0.26882164E-03 -0.68581580E-05 -0.97587029E-06  0.20505452E-06  0.23979260E-04 
  0.30980329E-05 -0.42570150E-04  0.13890029E-06  0.12028903E-04  0.97907664E-06 
  0.29272156E-05 -0.80364403E-06 -0.11985533E-04 -0.52946527E-05  0.44972570E-04 
 -0.10063184E-03  0.61388668E-04  0.95416848E-05  0.85833034E-06 -0.36645913E-05 
 -0.27216806E-04 -0.44124271E-04  0.77595093E-04  0.35932205E-03 -0.18247546E-05 
 -0.83452809E-04 -0.49808900E-06 -0.20184406E-04 
 -0.66212568E-04 -0.96759089E-04 -0.39350402E-04 -0.12070879E-03 -0.81491699E-05 
  0.30710835E-03  0.16125506E-04  0.51693677E-05  0.44993226E-05  0.11608549E-04 
  0.58727804E-05  0.12955438E-04  0.63735296E-07  0.97907664E-06  0.52921661E-05 




 -0.55108225E-05 -0.18513147E-04 -0.14645087E-04  0.19608753E-06 -0.89087514E-05 
  0.50568366E-05 -0.57243418E-05 -0.17720418E-04 -0.19539178E-03 -0.73298159E-06 
  0.45703718E-04 -0.86355179E-06 -0.26235453E-04 
 -0.17740335E-04 -0.40244051E-03 -0.60826100E-04  0.10732686E-02 -0.29551082E-03 
 -0.39664716E-03 -0.25873266E-04  0.81706947E-04 -0.14029034E-05 -0.27388402E-05 
  0.38857080E-04  0.52658358E-04  0.96435770E-07  0.29272156E-05 -0.15846420E-05 
  0.67502303E-05  0.10954027E-05 -0.63632908E-05  0.26352532E-05  0.60680611E-04 
  0.18039972E-04 -0.18358969E-03  0.11937861E-04  0.81411516E-06  0.91108568E-06 
 -0.12392924E-03  0.33080455E-04  0.25443218E-04  0.28835442E-03  0.51041478E-05 
 -0.73775128E-04 -0.96907082E-06 -0.28986977E-04 
  0.16066170E-03  0.84117626E-03  0.40578258E-03 -0.52896526E-03  0.41850653E-03 
 -0.79725019E-03 -0.38656825E-03 -0.15579398E-03  0.32755519E-04  0.29130921E-04 
 -0.24153236E-04 -0.22270075E-03  0.14926901E-06 -0.80364403E-06 -0.45453650E-05 
  0.10954027E-05  0.49132733E-04 -0.37306611E-04  0.81564109E-04 -0.16459070E-04 
 -0.14097255E-03  0.30907778E-03  0.43269182E-04 -0.10377802E-03 -0.52276048E-04 
 -0.15577998E-04 -0.19202874E-04  0.23599585E-03  0.16150607E-02 -0.23767204E-05 
 -0.37576658E-03 -0.16973090E-05  0.56775847E-06 
 -0.57055009E-04 -0.85220096E-03 -0.14846571E-03 -0.39450068E-03 -0.14869310E-03 
  0.10654809E-02  0.31985570E-03  0.73733470E-04 -0.36496703E-04 -0.47149648E-04 
 -0.16405127E-04  0.16737411E-03 -0.35596807E-06 -0.11985533E-04 -0.33244834E-06 
 -0.63632908E-05 -0.37306611E-04  0.47094895E-04 -0.82538867E-04 -0.63559707E-04 
  0.18397278E-03 -0.15622182E-03 -0.36796697E-04  0.82129592E-04  0.67522010E-04 
  0.13598042E-03  0.83765378E-05 -0.26898540E-03 -0.17762683E-02  0.29517065E-05 
  0.41440820E-03  0.27123128E-05  0.43903314E-04 
 -0.25163816E-02  0.68204002E-02  0.12464803E-02 -0.63170377E-02  0.26291707E-02 
 -0.16920133E-02 -0.77728608E-03 -0.13441303E-02  0.29085177E-03  0.17690835E-03 
 -0.56456983E-04 -0.16633945E-02  0.44627175E-05 -0.52946527E-05  0.14248865E-04 
  0.26352532E-05  0.81564109E-04 -0.82538867E-04  0.15360004E-02 -0.89101444E-03 
 -0.13855650E-02  0.26046970E-02  0.26375551E-03 -0.64623498E-03 -0.12507862E-02 
  0.16440315E-03  0.40553122E-03  0.15222151E-02  0.28593539E-02 -0.75910710E-04 
 -0.55085506E-03 -0.93922882E-05  0.26938080E-03 
  0.15884395E-03 -0.13042959E-01 -0.51573035E-02  0.17638203E-01 -0.53781081E-02 
  0.60494106E-02 -0.17977909E-03  0.26226907E-02 -0.63804739E-04  0.47264381E-03 
  0.77083611E-03  0.22225536E-02  0.28380324E-06  0.44972570E-04  0.98758863E-05 
  0.60680611E-04 -0.16459070E-04 -0.63559707E-04 -0.89101444E-03  0.28815257E-02 
  0.43889366E-03 -0.51541672E-02 -0.14891670E-03  0.54405112E-03  0.72059920E-03 
 -0.23426151E-02 -0.96530128E-03 -0.62485421E-03  0.80157684E-02  0.12978825E-03 
 -0.20384846E-02 -0.28445373E-04 -0.80726266E-03 
 -0.40500396E-02 -0.67680513E-01 -0.44204612E-02  0.15307000E-01 -0.25919242E-02 
  0.38284926E-01  0.11943061E-02  0.16906168E-02 -0.53318851E-05 -0.10344481E-02 
 -0.59123453E-04  0.76708296E-02 -0.35955857E-05 -0.10063184E-03 -0.55108225E-05 
  0.18039972E-04 -0.14097255E-03  0.18397278E-03 -0.13855650E-02  0.43889366E-03 
  0.94528653E-02 -0.10008962E-01 -0.53767458E-03  0.10335671E-02  0.36489473E-03 
  0.26131613E-04  0.75520105E-03 -0.75821875E-02 -0.13761751E-01  0.20190878E-03 
  0.30124775E-02  0.37008149E-04  0.44686091E-03 
 -0.23223429E-02  0.83397495E-01  0.75985605E-02 -0.65520080E-01  0.19903020E-01 
 -0.18735037E-01 -0.19300016E-02 -0.98608519E-02  0.24222279E-03  0.94960478E-03 
 -0.18806032E-02 -0.12940495E-01  0.40021048E-05  0.61388668E-04 -0.18513147E-04 
 -0.18358969E-03  0.30907778E-03 -0.15622182E-03  0.26046970E-02 -0.51541672E-02 
 -0.10008962E-01  0.25461556E-01  0.10611736E-02 -0.14460803E-02 -0.23355190E-02 
  0.50717275E-02 -0.74058096E-03  0.71025766E-02  0.98033224E-02 -0.48765058E-03 
 -0.17924142E-02  0.16902795E-04  0.11303323E-02 
 -0.41625948E-03  0.30208862E-02 -0.46319185E-04  0.14748921E-02 -0.26306372E-03 
 -0.26788839E-02 -0.34355126E-03 -0.41254430E-03 -0.18398815E-04 -0.36644684E-04 
  0.91205989E-04 -0.68195476E-03  0.74308392E-06  0.95416848E-05 -0.14645087E-04 
  0.11937861E-04  0.43269182E-04 -0.36796697E-04  0.26375551E-03 -0.14891670E-03 
 -0.53767458E-03  0.10611736E-02  0.32251571E-03 -0.10671619E-03 -0.28729329E-03 
 -0.34727291E-03  0.20557728E-03  0.57597400E-03  0.96407287E-03 -0.24047137E-04 
 -0.18789462E-03 -0.51111304E-05 -0.73557289E-04 




  0.16148127E-01  0.87814971E-03  0.56568278E-03 -0.22742515E-03  0.57025373E-04 
 -0.34517641E-03  0.21001034E-02 -0.95319665E-06  0.85833034E-06  0.19608753E-06 
  0.81411516E-06 -0.10377802E-03  0.82129592E-04 -0.64623498E-03  0.54405112E-03 
  0.10335671E-02 -0.14460803E-02 -0.10671619E-03  0.22234043E-02 -0.84434314E-03 
 -0.83007896E-03  0.10906637E-03 -0.21046149E-02  0.54149631E-02 -0.75082602E-04 
 -0.11859138E-02 -0.17355409E-04 -0.56118292E-03 
  0.32440578E-02  0.23204994E-03  0.10660143E-01 -0.16579187E-02 -0.37679347E-02 
 -0.10851857E-01  0.44430493E-03  0.16275228E-02 -0.27197370E-03 -0.17185181E-03 
  0.22444476E-03  0.17739522E-03 -0.46958111E-05 -0.36645913E-05 -0.89087514E-05 
  0.91108568E-06 -0.52276048E-04  0.67522010E-04 -0.12507862E-02  0.72059920E-03 
  0.36489473E-03 -0.23355190E-02 -0.28729329E-03 -0.84434314E-03  0.23075289E-02 
  0.66407744E-03 -0.81488136E-03  0.16131121E-03 -0.85766332E-02  0.15350235E-03 
  0.17820621E-02  0.17723694E-04 -0.17756628E-03 
  0.35292529E-02  0.84783193E-02  0.10703360E-01 -0.71573825E-01  0.24030206E-01 
  0.17438740E-01  0.43082995E-03 -0.25320668E-02 -0.99725110E-04  0.26852536E-03 
 -0.29093347E-02 -0.16169509E-02 -0.35660636E-05 -0.27216806E-04  0.50568366E-05 
 -0.12392924E-03 -0.15577998E-04  0.13598042E-03  0.16440315E-03 -0.23426151E-02 
  0.26131613E-04  0.50717275E-02 -0.34727291E-03 -0.83007896E-03  0.66407744E-03 
  0.77229594E-02 -0.37074447E-02  0.15402317E-03 -0.76277048E-02 -0.12383576E-03 
  0.18006438E-02  0.43985917E-04  0.57478326E-03 
 -0.16973891E-02 -0.12192792E-02 -0.18764160E-02  0.42156262E-01 -0.15864633E-01 
 -0.17979515E-01  0.22474449E-03  0.33775267E-04  0.10613841E-03 -0.93184307E-03 
  0.16618904E-02  0.60034271E-04  0.10227405E-05 -0.44124271E-04 -0.57243418E-05 
  0.33080455E-04 -0.19202874E-04  0.83765378E-05  0.40553122E-03 -0.96530128E-03 
  0.75520105E-03 -0.74058096E-03  0.20557728E-03  0.10906637E-03 -0.81488136E-03 
 -0.37074447E-02  0.42055329E-02 -0.48824686E-03 -0.76512098E-02  0.18419634E-04 
  0.18905147E-02  0.46667727E-05  0.54667538E-03 
 -0.13260920E-01  0.55780127E-01  0.11865754E-01 -0.12346050E-01  0.10037029E-01 
 -0.56762147E-01 -0.18412701E-02 -0.11018769E-02  0.17994217E-03  0.61513468E-03 
 -0.61793050E-03 -0.76806241E-02  0.13005278E-05  0.77595093E-04 -0.17720418E-04 
  0.25443218E-04  0.23599585E-03 -0.26898540E-03  0.15222151E-02 -0.62485421E-03 
 -0.75821875E-02  0.71025766E-02  0.57597400E-03 -0.21046149E-02  0.16131121E-03 
  0.15402317E-03 -0.48824686E-03  0.93830602E-02  0.98923024E-02 -0.70426275E-04 
 -0.22881116E-02 -0.23296841E-04 -0.41540049E-03 
 -0.12086945E-01  0.60910773E-01 -0.71774790E-01 -0.22548400E-02  0.42264189E-01 
  0.25295755E-01 -0.13662813E-01 -0.27147331E-02  0.16874428E-02  0.63223029E-02 
 -0.23104116E-02 -0.28422531E-02  0.60600175E-04  0.35932205E-03 -0.19539178E-03 
  0.28835442E-03  0.16150607E-02 -0.17762683E-02  0.28593539E-02  0.80157684E-02 
 -0.13761751E-01  0.98033224E-02  0.96407287E-03  0.54149631E-02 -0.85766332E-02 
 -0.76277048E-02 -0.76512098E-02  0.98923024E-02  0.89298123E+00  0.97349290E-03 
 -0.20924042E+00 -0.18003108E-03 -0.16396768E-02 
  0.68468695E-03 -0.17729372E-02  0.73429554E-03  0.14168461E-02 -0.86099643E-03 
 -0.54146642E-03  0.66397013E-05  0.19380287E-03 -0.37622636E-05 -0.15454823E-04 
  0.88853386E-04  0.14669189E-03 -0.10273791E-05 -0.18247546E-05 -0.73298159E-06 
  0.51041478E-05 -0.23767204E-05  0.29517065E-05 -0.75910710E-04  0.12978825E-03 
  0.20190878E-03 -0.48765058E-03 -0.24047137E-04 -0.75082602E-04  0.15350235E-03 
 -0.12383576E-03  0.18419634E-04 -0.70426275E-04  0.97349290E-03  0.97630241E-04 
 -0.32253811E-03 -0.66372491E-05 -0.62708176E-05 
  0.19226192E-02 -0.12591024E-01  0.15878191E-01  0.35201992E-03 -0.95821402E-02 
 -0.53180084E-02  0.32121609E-02  0.43725593E-03 -0.38059699E-03 -0.14914996E-02 
  0.51255697E-03  0.53682756E-03 -0.13629356E-04 -0.83452809E-04  0.45703718E-04 
 -0.73775128E-04 -0.37576658E-03  0.41440820E-03 -0.55085506E-03 -0.20384846E-02 
  0.30124775E-02 -0.17924142E-02 -0.18789462E-03 -0.11859138E-02  0.17820621E-02 
  0.18006438E-02  0.18905147E-02 -0.22881116E-02 -0.20924042E+00 -0.32253811E-03 
  0.49165510E-01  0.45869208E-04  0.53111707E-03 
  0.88410983E-04 -0.87633832E-04  0.20853857E-03 -0.23198792E-03 -0.18464509E-04 
 -0.18753144E-04  0.27192782E-04 -0.19350323E-04  0.25083861E-06 -0.12557164E-04 
 -0.54799135E-05 -0.65717290E-06 -0.17623102E-06 -0.49808900E-06 -0.86355179E-06 
 -0.96907082E-06 -0.16973090E-05  0.27123128E-05 -0.93922882E-05 -0.28445373E-04 




  0.43985917E-04  0.46667727E-05 -0.23296841E-04 -0.18003108E-03 -0.66372491E-05 
  0.45869208E-04  0.10406066E-04  0.11507921E-03 
  0.11799423E-03 -0.13280275E-02  0.39798937E-02 -0.27642401E-02 -0.16331196E-02 
  0.11962910E-02  0.33983114E-03 -0.80320236E-03  0.20220335E-03 -0.22303321E-03 
  0.12701420E-03 -0.33119580E-03 -0.28544413E-05 -0.20184406E-04 -0.26235453E-04 
 -0.28986977E-04  0.56775847E-06  0.43903314E-04  0.26938080E-03 -0.80726266E-03 
  0.44686091E-03  0.11303323E-02 -0.73557289E-04 -0.56118292E-03 -0.17756628E-03 
  0.57478326E-03  0.54667538E-03 -0.41540049E-03 -0.16396768E-02 -0.62708176E-05 
  0.53111707E-03  0.11507921E-03  0.38389326E-02 
 
technical efficiency estimates : 
     firm  year             eff.-est. 
       1     1           0.95149224E+00 
       2     1           0.77014546E+00 
       3     1           0.93140510E+00 
       4     1           0.98754077E+00 
       5     1           0.95060985E+00 
       6     1           0.75522917E+00 
       7     1           0.75271433E+00 
       8     1           0.94449944E+00 
       9     1           0.73479269E+00 
      10     1           0.88315613E+00 
      11     1           0.65848915E+00 
      12     1           0.82323718E+00 
      13     1           0.93655817E+00 
      14     1           0.83257867E+00 
       1     2           0.94494281E+00 
       2     2           0.87455111E+00 
       3     2           0.93515778E+00 
       4     2           0.98637247E+00 
       5     2           0.96055393E+00 
       6     2           0.80506022E+00 
       7     2           0.77298242E+00 
       8     2           0.90589521E+00 
       9     2           0.72107196E+00 
      10     2           0.91934021E+00 
      11     2           0.68811744E+00 
      12     2           0.76347115E+00 
      13     2           0.95935035E+00 
      14     2           0.82340196E+00 
       1     3           0.94986791E+00 
       2     3           0.86128565E+00 
       3     3           0.94811819E+00 
       4     3           0.97502826E+00 
       5     3           0.96559332E+00 
       6     3           0.77312418E+00 
       7     3           0.76266229E+00 
       8     3           0.92503796E+00 
       9     3           0.68212264E+00 
      10     3           0.92744510E+00 
      11     3           0.71386896E+00 
      12     3           0.77974857E+00 
      13     3           0.98199557E+00 
      14     3           0.84848995E+00 
       1     4           0.94236578E+00 
       2     4           0.80275240E+00 
       3     4           0.93562553E+00 
       4     4           0.97995972E+00 
       5     4           0.95726507E+00 




       7     4           0.77246067E+00 
       8     4           0.93495058E+00 
       9     4           0.78686140E+00 
      10     4           0.94238742E+00 
      11     4           0.76059770E+00 
      12     4           0.80107273E+00 
      13     4           0.98070015E+00 
      14     4           0.84688920E+00 
       1     5           0.96363777E+00 
       2     5           0.74284011E+00 
       3     5           0.94785797E+00 
       4     5           0.95516116E+00 
       5     5           0.95116956E+00 
       6     5           0.74831349E+00 
       7     5           0.80672602E+00 
       8     5           0.92893405E+00 
       9     5           0.67072728E+00 
      10     5           0.95122300E+00 
      11     5           0.68406634E+00 
      12     5           0.79920201E+00 
      13     5           0.98203556E+00 
      14     5           0.86156183E+00 
       1     6           0.94320853E+00 
       2     6           0.83228292E+00 
       3     6           0.93540215E+00 
       4     6           0.97581530E+00 
       5     6           0.95931685E+00 
       6     6           0.76457372E+00 
       7     6           0.83331215E+00 
       8     6           0.94006226E+00 
       9     6           0.72018106E+00 
      10     6           0.96147795E+00 
      11     6           0.62728640E+00 
      12     6           0.72615273E+00 
      13     6           0.98038492E+00 
      14     6           0.87124787E+00 
       1     7           0.95959792E+00 
       2     7           0.78109750E+00 
       3     7           0.90633211E+00 
       4     7           0.96815627E+00 
       5     7           0.95303480E+00 
       6     7           0.79468271E+00 
       7     7           0.85834648E+00 
       8     7           0.94032621E+00 
       9     7           0.67981601E+00 
      10     7           0.94737199E+00 
      11     7           0.65298365E+00 
      12     7           0.73868197E+00 
      13     7           0.98092662E+00 
      14     7           0.83133273E+00 
       1     8           0.94489677E+00 
       2     8           0.75729915E+00 
       3     8           0.92116531E+00 
       4     8           0.96739981E+00 
       5     8           0.96034014E+00 
       6     8           0.77852675E+00 
       7     8           0.87690450E+00 
       8     8           0.91114487E+00 
       9     8           0.67489931E+00 




      11     8           0.64643567E+00 
      12     8           0.72940390E+00 
      13     8           0.98489479E+00 
      14     8           0.76821245E+00 
       1     9           0.97572033E+00 
       2     9           0.79942578E+00 
       3     9           0.93057021E+00 
       4     9           0.97981654E+00 
       5     9           0.95388984E+00 
       6     9           0.80562257E+00 
       7     9           0.87671900E+00 
       8     9           0.92741057E+00 
       9     9           0.62335334E+00 
      10     9           0.95262954E+00 
      11     9           0.69710726E+00 
      12     9           0.73837067E+00 
      13     9           0.98023198E+00 
      14     9           0.80628077E+00 
       1    10           0.97305523E+00 
       2    10           0.81598514E+00 
       3    10           0.92654193E+00 
       4    10           0.98592385E+00 
       5    10           0.96196096E+00 
       6    10           0.79309801E+00 
       7    10           0.88683461E+00 
       8    10           0.91947451E+00 
       9    10           0.69972736E+00 
      10    10           0.93409481E+00 
      11    10           0.79194389E+00 
      12    10           0.73108875E+00 
      13    10           0.98615312E+00 
      14    10           0.88705382E+00 
       1    11           0.95888851E+00 
       2    11           0.87534752E+00 
       3    11           0.94422910E+00 
       4    11           0.98322254E+00 
       5    11           0.96329704E+00 
       6    11           0.76020215E+00 
       7    11           0.88865886E+00 
       8    11           0.90253690E+00 
       9    11           0.71498252E+00 
      10    11           0.94535525E+00 
      11    11           0.88561709E+00 
      12    11           0.74947793E+00 
      13    11           0.98620456E+00 
      14    11           0.88850253E+00 
       1    12           0.95129952E+00 
       2    12           0.84320383E+00 
       3    12           0.90825032E+00 
       4    12           0.98609212E+00 
       5    12           0.96274305E+00 
       6    12           0.75625614E+00 
       7    12           0.88608872E+00 
       8    12           0.91333368E+00 
       9    12           0.88045458E+00 
      10    12           0.91890381E+00 
      11    12           0.85396198E+00 
      12    12           0.76913401E+00 
      13    12           0.98723742E+00 




       1    13           0.95281838E+00 
       2    13           0.74573126E+00 
       3    13           0.89574911E+00 
       4    13           0.98810724E+00 
       5    13           0.96446790E+00 
       6    13           0.74054361E+00 
       7    13           0.87638900E+00 
       8    13           0.91924478E+00 
       9    13           0.91237721E+00 
      10    13           0.79865408E+00 
      11    13           0.78769022E+00 
      12    13           0.70974329E+00 
      13    13           0.98633061E+00 
      14    13           0.91575888E+00 
       1    14           0.95462389E+00 
       2    14           0.80389951E+00 
       3    14           0.86376805E+00 
       4    14           0.98923315E+00 
       5    14           0.95629201E+00 
       6    14           0.75165308E+00 
       7    14           0.88008958E+00 
       8    14           0.91189289E+00 
       9    14           0.90253604E+00 
      10    14           0.92174008E+00 
      11    14           0.73350822E+00 
      12    14           0.72175176E+00 
      13    14           0.98706616E+00 
      14    14           0.90698507E+00 
       1    15           0.94854632E+00 
       2    15           0.83088731E+00 
       3    15           0.86907024E+00 
       4    15           0.97183244E+00 
       5    15           0.96771260E+00 
       6    15           0.76646055E+00 
       7    15           0.89192336E+00 
       8    15           0.90908390E+00 
       9    15           0.91113209E+00 
      10    15           0.91686815E+00 
      11    15           0.84624034E+00 
      12    15           0.73471240E+00 
      13    15           0.98575857E+00 
      14    15           0.88510166E+00 
       1    16           0.92428049E+00 
       2    16           0.80214332E+00 
       3    16           0.84221718E+00 
       4    16           0.95256930E+00 
       5    16           0.96991066E+00 
       6    16           0.78821919E+00 
       7    16           0.89882440E+00 
       8    16           0.90688821E+00 
       9    16           0.89047905E+00 
      10    16           0.87807396E+00 
      11    16           0.60670639E+00 
      12    16           0.72925690E+00 
      13    16           0.98554783E+00 
      14    16           0.90485890E+00 
 
 mean efficiency =   0.86839267E+00 
 




(1 = observed, 0 = not observed) 
 
  t:   1   2   3   4   5   6   7   8   9  10  11  12  13  14  15  16    n 
   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   2   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   3   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   4   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   5   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   6   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   7   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   8   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   9   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  10   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  11   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  12   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  13   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  14   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
 
      14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14 224 












































2               1=ERROR COMPONENTS MODEL, 2=TE EFFECTS MODEL 
ODF2-d.txt         DATA FILE NAME 
ODF2-o.txt         OUTPUT FILE NAME 
1               1=PRODUCTION FUNCTION, 2=COST FUNCTION 
y               LOGGED DEPENDENT VARIABLE (Y/N) 
14               NUMBER OF CROSS-SECTIONS 
16               NUMBER OF TIME PERIODS 
224              NUMBER OF OBSERVATIONS IN TOTAL 
27               NUMBER OF REGRESSOR VARIABLES (Xs)  
y               MU (Y/N) [OR DELTA0 (Y/N) IF USING TE EFFECTS MODEL] 
2               ETA (Y/N) [OR NUMBER OF TE EFFECTS REGRESSORS (Zs)] 
n               STARTING VALUES (Y/N) 
                IF YES THEN     BETA0               
                                BETA1 TO 
                                BETAK             
                                SIGMA SQUARED 
                                GAMMA 
                                MU              [OR DELTA0 
                                ETA                 DELTA1 TO 
                                                      DELTAP] 
 
                                NOTE: IF YOU ARE SUPPLYING STARTING VALUES 
                                AND YOU HAVE RESTRICTED MU [OR DELTA0] TO BE 
                                ZERO THEN YOU SHOULD NOT SUPPLY A STARTING 










instruction file = ODF2-i.txt   
data file =        ODF2-d.txt   
 
 Tech. Eff. Effects Frontier (see B&C 1993) 
 The model is a production function 
 The dependent variable is logged 
 
the ols estimates are : 
 
                 coefficient     standard-error    t-ratio 
  beta 0        -0.21045012E+02  0.53462561E+02 -0.39364018E+00 
  beta 1        -0.19445261E+03-NaN            -NaN             
  beta 2         0.96951466E+02-NaN            -NaN             
  beta 3         0.22813577E+01  0.93035892E+01  0.24521264E+00 
  beta 4         0.57662641E+00  0.48123540E+01  0.11982211E+00 
  beta 5         0.25190195E+01  0.11875440E+02  0.21212009E+00 
  beta 6        -0.40775937E+01  0.10022630E+02 -0.40683869E+00 




  beta 8        -0.10637514E+00  0.50481356E+00 -0.21072163E+00 
  beta 9         0.12281915E+00  0.15181351E+00  0.80901330E+00 
  beta10        -0.17480335E+00  0.66261692E+00 -0.26380756E+00 
  beta11        -0.53458979E+00  0.69050330E+00 -0.77420310E+00 
  beta12        -0.11217117E-03  0.27086874E-02 -0.41411635E-01 
  beta13        -0.43782859E-03  0.21231438E-02 -0.20621712E+00 
  beta14         0.21773421E-01  0.23847123E-01  0.91304186E+00 
  beta15         0.87177823E-02  0.15992937E-01  0.54510203E+00 
  beta16         0.30283568E-01  0.42450914E-01  0.71337848E+00 
  beta17        -0.46969225E-01  0.40606042E-01 -0.11567053E+01 
  beta18        -0.31131762E-01  0.34713864E-01 -0.89681062E+00 
  beta19         0.26860459E-01  0.50060933E-01  0.53655531E+00 
  beta20         0.22513682E-01  0.55478488E-01  0.40580922E+00 
  beta21         0.21524368E-01  0.63488083E-01  0.33903005E+00 
  beta22         0.37546642E+00  0.41832819E+00  0.89754034E+00 
  beta23        -0.57686754E+00  0.99253240E+00 -0.58120777E+00 
  beta24         0.49601583E+00  0.11900267E+01  0.41681066E+00 
  beta25        -0.11857072E+00  0.43704148E+00 -0.27130313E+00 
  beta26        -0.44177713E+00  0.49499410E+00 -0.89248969E+00 
  beta27         0.88643015E+00  0.89395504E+00  0.99158247E+00 
  sigma-squared  0.47855601E+00 
 
log likelihood function =  -0.22034472E+03 
 
the estimates after the grid search were : 
 
  beta 0        -0.20927679E+02 
  beta 1        -0.19445261E+03 
  beta 2         0.96951466E+02 
  beta 3         0.22813577E+01 
  beta 4         0.57662641E+00 
  beta 5         0.25190195E+01 
  beta 6        -0.40775937E+01 
  beta 7        -0.30571366E+00 
  beta 8        -0.10637514E+00 
  beta 9         0.12281915E+00 
  beta10        -0.17480335E+00 
  beta11        -0.53458979E+00 
  beta12        -0.11217117E-03 
  beta13        -0.43782859E-03 
  beta14         0.21773421E-01 
  beta15         0.87177823E-02 
  beta16         0.30283568E-01 
  beta17        -0.46969225E-01 
  beta18        -0.31131762E-01 
  beta19         0.26860459E-01 
  beta20         0.22513682E-01 
  beta21         0.21524368E-01 
  beta22         0.37546642E+00 
  beta23        -0.57686754E+00 
  beta24         0.49601583E+00 
  beta25        -0.11857072E+00 
  beta26        -0.44177713E+00 
  beta27         0.88643015E+00 
  delta 0        0.00000000E+00 
  delta 1        0.00000000E+00 
  delta 2        0.00000000E+00 
  sigma-squared  0.43250352E+00 





 iteration =     0  func evals =     20  llf = -0.22035332E+03 
    -0.20927679E+02-0.19445261E+03 0.96951466E+02 0.22813577E+01 0.57662641E+00 
     0.25190195E+01-0.40775937E+01-0.30571366E+00-0.10637514E+00 0.12281915E+00 
    -0.17480335E+00-0.53458979E+00-0.11217117E-03-0.43782859E-03 0.21773421E-01 
     0.87177823E-02 0.30283568E-01-0.46969225E-01-0.31131762E-01 0.26860459E-01 
     0.22513682E-01 0.21524368E-01 0.37546642E+00-0.57686754E+00 0.49601583E+00 
    -0.11857072E+00-0.44177713E+00 0.88643015E+00 0.00000000E+00 0.00000000E+00 
     0.00000000E+00 0.43250352E+00 0.50000000E-01 
 gradient step 
 iteration =     5  func evals =     41  llf = -0.11469885E+03 
    -0.20927732E+02-0.19445187E+03 0.96952956E+02 0.22813351E+01 0.57652358E+00 
     0.25186182E+01-0.40776195E+01-0.30589396E+00-0.10622998E+00 0.12369264E+00 
    -0.17682135E+00-0.53383022E+00-0.28924890E-03-0.26920852E-03 0.22280601E-01 
     0.92283555E-02 0.29856632E-01-0.46276311E-01-0.32562030E-01 0.28474107E-01 
     0.26753961E-01 0.19927966E-01 0.37610441E+00-0.57647879E+00 0.49645014E+00 
    -0.11824926E+00-0.44090150E+00 0.88717070E+00-0.70913175E-04-0.28145236E-03 
    -0.30043787E-03 0.42979761E+00 0.50835086E-01 
 iteration =    10  func evals =     69  llf = -0.72973225E+02 
    -0.20928579E+02-0.19444081E+03 0.96975076E+02 0.22802105E+01 0.57393078E+00 
     0.25139121E+01-0.40798658E+01-0.30860132E+00-0.10861957E+00 0.11564220E+00 
    -0.17013389E+00-0.54126301E+00-0.12299611E-02-0.52063728E-03 0.27149078E-01 
     0.12506482E-02 0.36974570E-01-0.53302320E-01-0.26607050E-01 0.19019545E-01 
     0.37866092E-01 0.64286737E-04 0.37950873E+00-0.57557706E+00 0.49347246E+00 
    -0.11371175E+00-0.44645734E+00 0.88321940E+00-0.73103736E-02-0.26035934E-01 
    -0.30869273E-01 0.18605634E+00 0.12163512E+00 
 iteration =    15  func evals =     97  llf = -0.56676306E+02 
    -0.20932528E+02-0.19441165E+03 0.97033390E+02 0.22738505E+01 0.55933971E+00 
     0.24899891E+01-0.40891356E+01-0.32339909E+00-0.10487420E+00 0.12055806E+00 
    -0.16940180E+00-0.54178430E+00-0.36041940E-03-0.10490891E-02 0.23440277E-01 
     0.73152649E-02 0.34319526E-01-0.51672205E-01-0.28548478E-01 0.16173400E-01 
     0.18792656E-01 0.22070411E-01 0.37398637E+00-0.57603157E+00 0.49327271E+00 
    -0.11613623E+00-0.44517271E+00 0.88826514E+00-0.49978045E-01 0.52118197E-01 
    -0.21487164E+00 0.14759853E+00 0.32152288E+00 
 iteration =    20  func evals =    124  llf = -0.42257684E+02 
    -0.20935299E+02-0.19441305E+03 0.97030596E+02 0.22603617E+01 0.53874430E+00 
     0.24698096E+01-0.40998451E+01-0.34943257E+00-0.39445938E-01 0.12540133E+00 
    -0.15273937E+00-0.57158419E+00-0.82372100E-03-0.12392436E-02 0.16934455E-01 
     0.74615057E-02 0.36863368E-01-0.46678981E-01-0.34789865E-01 0.13252703E-01 
     0.22684795E-01 0.23057234E-01 0.35849524E+00-0.62151210E+00 0.49772269E+00 
    -0.13494022E+00-0.39210181E+00 0.88373682E+00-0.12975213E+00 0.17487885E+00 
    -0.57288987E+00 0.18186777E+00 0.65391633E+00 
 iteration =    25  func evals =    163  llf = -0.18549995E+02 
    -0.20914086E+02-0.19438868E+03 0.97079342E+02 0.21966663E+01 0.51505289E+00 
     0.25018727E+01-0.41573889E+01-0.75994013E-01 0.19571075E-03 0.23673618E+00 
    -0.69975518E-01-0.72194728E+00-0.74938571E-03-0.11208331E-02 0.23232450E-01 
     0.10573142E-01-0.13976413E-03-0.20524223E-01-0.39561241E-01-0.47929968E-02 
     0.29193804E-01 0.17485809E-01 0.48900200E+00-0.80197391E+00 0.63220809E+00 
    -0.33500379E+00-0.37650262E+00 0.96421914E+00-0.59012420E-01 0.21641286E+00 
    -0.68974293E+00 0.15058778E+00 0.74363490E+00 
 iteration =    30  func evals =    184  llf =  0.61008668E+02 
    -0.20710152E+02-0.19440830E+03 0.97040097E+02 0.19577326E+01 0.50670559E+00 
     0.29312370E+01-0.45242163E+01-0.32160151E+00-0.12273196E-01 0.27614715E+00 
    -0.10299149E+00-0.10978131E+01-0.18066192E-03-0.14440655E-02 0.24979523E-01 
     0.20097886E-01 0.16925041E-01-0.33617898E-01-0.57610448E-01 0.34492127E-02 
     0.33792223E-01 0.26613375E-01 0.61842789E+00-0.10174241E+01 0.94060327E+00 
    -0.41957413E+00-0.40655620E+00 0.12783529E+01 0.99470914E-01 0.25037039E+00 
    -0.74990286E+00 0.12805977E+00 0.86970106E+00 
 iteration =    35  func evals =    199  llf =  0.10392602E+03 
    -0.20330157E+02-0.19440104E+03 0.97054611E+02 0.20321836E+01-0.16609831E-01 




    -0.18113297E+00-0.82378296E+00-0.68906926E-03-0.11777007E-02 0.12726876E-01 
     0.98847316E-02 0.20682411E-01-0.27950691E-01-0.37676163E-01-0.67446169E-02 
     0.36375109E-01 0.10783779E-01 0.24459856E+00-0.61615993E+00 0.79359791E+00 
    -0.19572874E+00-0.22142932E+00 0.97737457E+00 0.20406271E-01 0.22751056E+00 
    -0.77416774E+00 0.15033614E+00 0.88967508E+00 
 iteration =    40  func evals =    214  llf =  0.11080391E+03 
    -0.20145360E+02-0.19442346E+03 0.97009764E+02 0.24368508E+01 0.11538899E+00 
     0.29252563E+01-0.46377758E+01-0.33029621E+00-0.20496953E+00 0.17428377E+00 
    -0.15698869E+00-0.89522079E+00-0.23749679E-03-0.83354788E-03 0.16408901E-01 
     0.91357978E-02 0.29162713E-01-0.37018253E-01-0.41593926E-01 0.38749346E-02 
     0.39340293E-01 0.11902424E-01 0.32041347E+00-0.71360882E+00 0.94523929E+00 
    -0.21371301E+00-0.28945279E+00 0.10100220E+01-0.35015511E+00 0.20820767E+00 
    -0.66596012E+00 0.14608383E+00 0.88549646E+00 
 iteration =    45  func evals =    246  llf =  0.11159736E+03 
    -0.19478032E+02-0.19442497E+03 0.97006757E+02 0.26472334E+01 0.30936236E+00 
     0.26971256E+01-0.48221848E+01-0.31513265E+00-0.17715561E+00 0.16704375E+00 
    -0.14334138E+00-0.91029502E+00-0.26544798E-03-0.81756268E-03 0.17090725E-01 
     0.91864355E-02 0.27185817E-01-0.35746776E-01-0.43395546E-01 0.52320626E-02 
     0.39167282E-01 0.13185817E-01 0.33043358E+00-0.75333391E+00 0.93583599E+00 
    -0.22495379E+00-0.28374502E+00 0.10376038E+01-0.10341182E+01 0.21495477E+00 
    -0.51727380E+00 0.14937796E+00 0.89328199E+00 
 iteration =    50  func evals =    355  llf =  0.11349877E+03 
    -0.12679601E+02-0.19441787E+03 0.97020951E+02 0.45885977E+01 0.91060964E+00 
     0.11298018E+01-0.57823033E+01-0.31381380E+00-0.18883512E+00 0.16551218E+00 
    -0.46745730E-01-0.10121533E+01-0.14893843E-03-0.60175332E-03 0.18224608E-01 
     0.90380827E-02 0.28945474E-01-0.40196292E-01-0.42309878E-01 0.26468543E-02 
     0.37876192E-01 0.12822519E-01 0.28459850E+00-0.93286564E+00 0.10866547E+01 
    -0.29939761E+00-0.18197510E+00 0.10944210E+01-0.73923653E+01 0.24057836E+00 
     0.85103288E+00 0.19339259E+00 0.93465546E+00 
 iteration =    55  func evals =    393  llf =  0.11360467E+03 
    -0.11832639E+02-0.19441719E+03 0.97022301E+02 0.47665197E+01 0.98470307E+00 
     0.93512123E+00-0.58645086E+01-0.31246851E+00-0.19000542E+00 0.16474871E+00 
    -0.35438342E-01-0.10226245E+01-0.15915208E-03-0.57889068E-03 0.18343367E-01 
     0.90092045E-02 0.28971808E-01-0.40449872E-01-0.42462303E-01 0.24926022E-02 
     0.37626716E-01 0.13132111E-01 0.28162677E+00-0.95014484E+00 0.11007947E+01 
    -0.30719217E+00-0.17273328E+00 0.10998885E+01-0.81541912E+01 0.24180270E+00 
     0.10226466E+01 0.19654915E+00 0.93545518E+00 
 iteration =    60  func evals =    422  llf =  0.11371534E+03 
    -0.10486737E+02-0.19441637E+03 0.97023942E+02 0.49846240E+01 0.10811747E+01 
     0.62006608E+00-0.59112249E+01-0.31298233E+00-0.18988614E+00 0.16354205E+00 
    -0.16612721E-01-0.10350250E+01-0.17761389E-03-0.57296485E-03 0.18427871E-01 
     0.91520257E-02 0.29041401E-01-0.40693005E-01-0.42856021E-01 0.22947341E-02 
     0.37361065E-01 0.13640839E-01 0.28012767E+00-0.97386603E+00 0.11181998E+01 
    -0.31785208E+00-0.16136718E+00 0.11018697E+01-0.92226800E+01 0.24217991E+00 
     0.12687633E+01 0.19980364E+00 0.93532046E+00 
 iteration =    65  func evals =    446  llf =  0.11375436E+03 
    -0.94378529E+01-0.19441576E+03 0.97025150E+02 0.51272807E+01 0.11389961E+01 
     0.37697125E+00-0.59088107E+01-0.31376937E+00-0.19005207E+00 0.16254551E+00 
    -0.23953385E-02-0.10430923E+01-0.18881963E-03-0.57180101E-03 0.18747672E-01 
     0.93130481E-02 0.29111997E-01-0.41126777E-01-0.43316849E-01 0.21907755E-02 
     0.37131679E-01 0.14171156E-01 0.27911284E+00-0.99054895E+00 0.11318621E+01 
    -0.32387813E+00-0.15455274E+00 0.11005054E+01-0.99636916E+01 0.24318255E+00 
     0.14366883E+01 0.20315361E+00 0.93631735E+00 
 iteration =    70  func evals =    465  llf =  0.11378277E+03 
    -0.84514852E+01-0.19441504E+03 0.97026595E+02 0.52446895E+01 0.11860143E+01 
     0.15239810E+00-0.58909019E+01-0.31483023E+00-0.19009498E+00 0.16074783E+00 
     0.10186969E-01-0.10483774E+01-0.19211487E-03-0.57551171E-03 0.18893839E-01 
     0.93762097E-02 0.29213012E-01-0.41357417E-01-0.43772531E-01 0.22022553E-02 
     0.36758166E-01 0.14769425E-01 0.27739910E+00-0.10034703E+01 0.11425216E+01 




     0.15825221E+01 0.20673231E+00 0.93772797E+00 
 iteration =    75  func evals =    486  llf =  0.11403008E+03 
    -0.72668689E+01-0.19441497E+03 0.97026733E+02 0.53662350E+01 0.12271097E+01 
    -0.13015786E+00-0.58156988E+01-0.31545070E+00-0.19096136E+00 0.15810618E+00 
     0.25884739E-01-0.10553291E+01-0.21200608E-03-0.58337856E-03 0.19308044E-01 
     0.95012029E-02 0.29227154E-01-0.41722844E-01-0.44681231E-01 0.26046826E-02 
     0.36368157E-01 0.15776923E-01 0.27804427E+00-0.10197413E+01 0.11572960E+01 
    -0.32935408E+00-0.14448826E+00 0.10902695E+01-0.11316246E+02 0.24578075E+00 
     0.17396266E+01 0.21103463E+00 0.93942472E+00 
 iteration =    80  func evals =    503  llf =  0.11405221E+03 
    -0.68071430E+01-0.19441457E+03 0.97027534E+02 0.54092793E+01 0.12454027E+01 
    -0.23243945E+00-0.57989679E+01-0.31609261E+00-0.19116195E+00 0.15735292E+00 
     0.31627231E-01-0.10575806E+01-0.21153431E-03-0.58309013E-03 0.19364528E-01 
     0.95287938E-02 0.29294293E-01-0.41841896E-01-0.44862342E-01 0.25545590E-02 
     0.36215587E-01 0.16009252E-01 0.27694981E+00-0.10244437E+01 0.11618879E+01 
    -0.33093519E+00-0.14132009E+00 0.10876751E+01-0.11598718E+02 0.24669816E+00 
     0.18014344E+01 0.21317621E+00 0.94056843E+00 
 iteration =    85  func evals =    520  llf =  0.11406085E+03 
    -0.52799911E+01-0.19441332E+03 0.97030024E+02 0.55599886E+01 0.13063557E+01 
    -0.57646198E+00-0.57407950E+01-0.31736951E+00-0.19201045E+00 0.15487370E+00 
     0.51031436E-01-0.10640350E+01-0.20673915E-03-0.57655488E-03 0.19561209E-01 
     0.95868580E-02 0.29454636E-01-0.42209872E-01-0.45368838E-01 0.24452701E-02 
     0.35692730E-01 0.16728608E-01 0.27320399E+00-0.10402512E+01 0.11769255E+01 
    -0.33599452E+00-0.13113912E+00 0.10781570E+01-0.12555181E+02 0.24986564E+00 
     0.20102346E+01 0.22057260E+00 0.94452859E+00 
 iteration =    90  func evals =    549  llf =  0.11406609E+03 
    -0.46011235E+01-0.19441272E+03 0.97031220E+02 0.56205709E+01 0.13313828E+01 
    -0.72827808E+00-0.57097873E+01-0.31796712E+00-0.19253706E+00 0.15374629E+00 
     0.59562853E-01-0.10666685E+01-0.20442938E-03-0.57372802E-03 0.19638267E-01 
     0.96114317E-02 0.29526076E-01-0.42360377E-01-0.45594517E-01 0.23774838E-02 
     0.35451855E-01 0.17056481E-01 0.27140730E+00-0.10465322E+01 0.11834252E+01 
    -0.33803988E+00-0.12658397E+00 0.10733601E+01-0.12979720E+02 0.25131411E+00 
     0.21028083E+01 0.22393901E+00 0.94629256E+00 
 iteration =    95  func evals =    572  llf =  0.11407532E+03 
    -0.29731839E+01-0.19441115E+03 0.97034368E+02 0.57551468E+01 0.13863147E+01 
    -0.10887289E+01-0.56276205E+01-0.31962263E+00-0.19418155E+00 0.15112522E+00 
     0.79732071E-01-0.10727218E+01-0.19778865E-03-0.56671530E-03 0.19790390E-01 
     0.96672806E-02 0.29720595E-01-0.42708037E-01-0.46114191E-01 0.21525412E-02 
     0.34846889E-01 0.17853972E-01 0.26677752E+00-0.10602525E+01 0.11988640E+01 
    -0.34261205E+00-0.11560448E+00 0.10610512E+01-0.14010499E+02 0.25473621E+00 
     0.23281453E+01 0.23196385E+00 0.95041364E+00 
 maximum number of iterations reached 
 iteration =   100  func evals =    587  llf =  0.11408376E+03 
    -0.13786572E+01-0.19440935E+03 0.97037956E+02 0.58684660E+01 0.14294855E+01 
    -0.14352128E+01-0.55316623E+01-0.32153570E+00-0.19639543E+00 0.14883855E+00 
     0.98955708E-01-0.10782998E+01-0.19038578E-03-0.56046010E-03 0.19892715E-01 
     0.97226799E-02 0.29933143E-01-0.43015418E-01-0.46606563E-01 0.18362511E-02 
     0.34188642E-01 0.18685057E-01 0.26209375E+00-0.10717453E+01 0.12139020E+01 
    -0.34643391E+00-0.10529700E+00 0.10478292E+01-0.15045599E+02 0.25791220E+00 
     0.25558133E+01 0.23955385E+00 0.95412775E+00 
 
 
the final mle estimates are : 
 
                 coefficient     standard-error    t-ratio 
  beta 0        -0.13786572E+01  0.72662855E+01 -0.18973342E+00 
  beta 1        -0.19440935E+03  0.89469220E+00 -0.21729189E+03 
  beta 2         0.97037956E+02  0.44932855E+00  0.21596214E+03 
  beta 3         0.58684660E+01  0.11279640E+01  0.52027068E+01 




  beta 5        -0.14352128E+01  0.16707854E+01 -0.85900485E+00 
  beta 6        -0.55316623E+01  0.86054923E+00 -0.64280602E+01 
  beta 7        -0.32153570E+00  0.71647294E-01 -0.44877578E+01 
  beta 8        -0.19639543E+00  0.10589051E+00 -0.18547027E+01 
  beta 9         0.14883855E+00  0.34899222E-01  0.42648099E+01 
  beta10         0.98955708E-01  0.10110591E+00  0.97873320E+00 
  beta11        -0.10782998E+01  0.13862843E+00 -0.77783454E+01 
  beta12        -0.19038578E-03  0.55716397E-03 -0.34170511E+00 
  beta13        -0.56046010E-03  0.44021587E-03 -0.12731483E+01 
  beta14         0.19892715E-01  0.53053615E-02  0.37495495E+01 
  beta15         0.97226799E-02  0.36654402E-02  0.26525272E+01 
  beta16         0.29933143E-01  0.85338370E-02  0.35075831E+01 
  beta17        -0.43015418E-01  0.79688859E-02 -0.53979212E+01 
  beta18        -0.46606563E-01  0.69446172E-02 -0.67111781E+01 
  beta19         0.18362511E-02  0.11068341E-01  0.16590120E+00 
  beta20         0.34188642E-01  0.85555531E-02  0.39960762E+01 
  beta21         0.18685057E-01  0.10059089E-01  0.18575298E+01 
  beta22         0.26209375E+00  0.88472105E-01  0.29624451E+01 
  beta23        -0.10717453E+01  0.13988903E+00 -0.76613965E+01 
  beta24         0.12139020E+01  0.24009589E+00  0.50559048E+01 
  beta25        -0.34643391E+00  0.86258051E-01 -0.40162501E+01 
  beta26        -0.10529700E+00  0.10566690E+00 -0.99649940E+00 
  beta27         0.10478292E+01  0.10896815E+00  0.96159223E+01 
  delta 0       -0.15045599E+02  0.48218290E+01 -0.31203095E+01 
  delta 1        0.25791220E+00  0.21673700E-01  0.11899777E+02 
  delta 2        0.25558133E+01  0.10695090E+01  0.23897073E+01 
  sigma-squared  0.23955385E+00  0.34887299E-01  0.68665061E+01 
  gamma          0.95412775E+00  0.22227040E-01  0.42926443E+02 
 
log likelihood function =   0.11408213E+03 
 
LR test of the one-sided error =   0.66885370E+03 
with number of restrictions = 4 
 [note that this statistic has a mixed chi-square distribution] 
 
number of iterations =    100 
 
(maximum number of iterations set at :   100) 
 
number of cross-sections =     14 
 
number of time periods =     16 
 
total number of observations =    224 
 
thus there are:      0  obsns not in the panel 
 
covariance matrix : 
 
  0.52798904E+02  0.63704079E-01  0.12733007E+00  0.39202537E+01  
0.13109235E+01 
 -0.11388836E+02  0.31133612E+01 -0.69059551E-01 -0.88561049E-01 -0.63445709E-01 
  0.63296423E+00 -0.20827937E+00  0.23492243E-03  0.27492240E-03  0.23872787E-02 
  0.18152332E-02  0.82817896E-02 -0.10906098E-01 -0.15696574E-01 -0.12241371E-01 
 -0.22928958E-01  0.28217250E-01 -0.15443134E+00 -0.39757595E+00  0.53215289E+00 
 -0.13467038E+00  0.34236609E+00 -0.42091857E+00 -0.34033500E+02  0.94209587E-01 
  0.75282548E+01  0.23436672E+00  0.11510896E+00 
  0.63704079E-01  0.80047413E+00 -0.39905184E+00 -0.66250932E-02 -0.61578007E-03 
 -0.58083705E-02  0.17260981E-02 -0.71327746E-03 -0.54180566E-03  0.10597898E-03 




  0.15437609E-04  0.81257040E-04 -0.35262244E-04  0.12683098E-04 -0.17916989E-03 
 -0.98298981E-04  0.57168070E-04 -0.93569276E-03  0.11552830E-02  0.58129322E-03 
 -0.45162205E-03  0.13315567E-02 -0.55645427E-03 -0.40635331E-01  0.17279445E-03 
  0.89988297E-02  0.25896643E-03  0.14120161E-03 
  0.12733007E+00 -0.39905184E+00  0.20189615E+00 -0.13256078E-01 -0.12336080E-02 
 -0.11599761E-01  0.34475508E-02 -0.14264572E-02 -0.10834846E-02  0.21205528E-03 
  0.44003944E-03 -0.10438073E-02  0.10242869E-05 -0.13689029E-05 -0.10498452E-03 
  0.30872467E-04  0.16250248E-03 -0.70508297E-04  0.25390153E-04 -0.35832336E-03 
 -0.19656484E-03  0.11429429E-03 -0.18711658E-02  0.23111706E-02  0.11617974E-02 
 -0.90303935E-03  0.26626087E-02 -0.11122811E-02 -0.81219403E-01  0.34544764E-03 
  0.17986321E-01  0.51757953E-03  0.28223024E-03 
  0.39202537E+01 -0.66250932E-02 -0.13256078E-01  0.12723028E+01  0.34954705E-01 
 -0.10003570E+01 -0.10525120E+00 -0.85906532E-02 -0.23166931E-01 -0.28880472E-03 
  0.58672416E-01 -0.52393618E-01  0.73875742E-04  0.14775607E-03  0.96421639E-03 
 -0.11917226E-02  0.19829873E-02 -0.22407408E-02 -0.31040495E-03  0.23794346E-02 
  0.14548748E-02 -0.72194186E-03 -0.13257990E-01 -0.12958149E+00  0.12776175E+00 
 -0.21356007E-02  0.11452110E-01  0.60184452E-02 -0.26804025E+01  0.52966797E-02 
  0.59578424E+00  0.17122428E-01  0.92241839E-02 
  0.13109235E+01 -0.61578007E-03 -0.12336080E-02  0.34954705E-01  0.78652421E+00 
 -0.64752355E+00 -0.11957981E+00 -0.40101224E-02  0.49339869E-01 -0.16436022E-01 
  0.47023946E-01  0.27609673E-01  0.34733638E-04 -0.25440542E-04  0.66303946E-03 
  0.14890124E-02  0.35290121E-04 -0.19052792E-02 -0.93574491E-03  0.29009800E-02 
 -0.23238381E-02  0.25485196E-02  0.24133633E-01 -0.14832666E-01 -0.80948782E-01 
 -0.61059393E-01  0.34450305E-01 -0.84600489E-02 -0.92533850E+00  0.20245076E-02 
  0.20462148E+00  0.62018912E-02  0.44230856E-02 
 -0.11388836E+02 -0.58083705E-02 -0.11599761E-01 -0.10003570E+01 -0.64752355E+00 
  0.27915240E+01 -0.71716916E+00  0.18950912E-02 -0.97138329E-02  0.21490594E-01 
 -0.16370444E+00  0.24114434E-01 -0.71741489E-04 -0.60772611E-04 -0.20116262E-02 
 -0.83366071E-03  0.11529553E-04  0.24562198E-02  0.44139034E-02 -0.19626325E-02 
  0.48208189E-02 -0.70026523E-02  0.15695798E-02  0.12031273E+00 -0.78984853E-01 
  0.50664615E-01 -0.63153185E-01  0.95670309E-01  0.73891583E+01 -0.18938701E-01 
 -0.16349493E+01 -0.51059362E-01 -0.24800858E-01 
  0.31133612E+01  0.17260981E-02  0.34475508E-02 -0.10525120E+00 -0.11957981E+00 
 -0.71716916E+00  0.74054498E+00  0.16888011E-01 -0.84108664E-02  0.12152676E-04 
  0.40548362E-01  0.47008254E-02 -0.31932694E-05 -0.29087709E-04  0.14972231E-02 
  0.22539689E-03 -0.26661632E-02  0.14226776E-02 -0.27992791E-02  0.10443616E-02 
 -0.18926062E-02  0.36930267E-02  0.18159795E-01 -0.12268386E-01  0.28586535E-01 
  0.11346811E-01 -0.19993132E-01 -0.58482144E-01 -0.18964867E+01  0.45080242E-02 
  0.41936628E+00  0.14113902E-01  0.40625455E-02 
 -0.69059551E-01 -0.71327746E-03 -0.14264572E-02 -0.85906532E-02 -0.40101224E-02 
  0.18950912E-02  0.16888011E-01  0.51333347E-02  0.15055263E-02 -0.62418250E-03 
  0.40171246E-04  0.33309466E-02 -0.63478283E-05  0.55028969E-05  0.12099501E-03 
 -0.82470210E-04 -0.56452612E-03  0.40266300E-03 -0.49602485E-05  0.28454170E-03 
  0.17143841E-03 -0.16160425E-03  0.10180879E-02  0.60709040E-03 -0.36010110E-02 
  0.18899889E-02 -0.22645253E-02 -0.21670606E-02  0.41412368E-01 -0.40707586E-03 
 -0.92885977E-02 -0.15975966E-03 -0.18116234E-03 
 -0.88561049E-01 -0.54180566E-03 -0.10834846E-02 -0.23166931E-01  0.49339869E-01 
 -0.97138329E-02 -0.84108664E-02  0.15055263E-02  0.11212801E-01 -0.22591476E-02 
  0.59998440E-03  0.10894286E-01 -0.15358757E-05 -0.13265203E-04  0.17570312E-03 
  0.16272362E-03 -0.24511494E-03 -0.68366905E-04  0.76049021E-06  0.62445338E-03 
 -0.21942596E-03  0.10349187E-03  0.47278494E-02  0.13210980E-02 -0.22468835E-01 
 -0.11420580E-02 -0.23359915E-02 -0.23738224E-03  0.55973085E-01 -0.22239298E-03 
 -0.12343095E-01 -0.37198148E-03 -0.24207378E-03 
 -0.63445709E-01  0.10597898E-03  0.21205528E-03 -0.28880472E-03 -0.16436022E-01 
  0.21490594E-01  0.12152676E-04 -0.62418250E-03 -0.22591476E-02  0.12179557E-02 
 -0.10176030E-02 -0.27868832E-02  0.19716863E-05  0.18142324E-05 -0.38138348E-04 
 -0.25529555E-04  0.63581092E-04  0.20532013E-04  0.13576883E-04 -0.16381522E-03 
  0.84853445E-04 -0.66415845E-04  0.92016018E-04 -0.72803034E-03  0.49328333E-02 
 -0.59287320E-04 -0.71334833E-03  0.13507837E-02  0.40036024E-01 -0.85573471E-04 




  0.63296423E+00  0.22049359E-03  0.44003944E-03  0.58672416E-01  0.47023946E-01 
 -0.16370444E+00  0.40548362E-01  0.40171246E-04  0.59998440E-03 -0.10176030E-02 
  0.10222405E-01 -0.16968009E-02  0.56794512E-05  0.32131999E-05  0.12258192E-03 
  0.60907860E-04 -0.42219346E-04 -0.10572351E-03 -0.25932935E-03  0.90416476E-04 
 -0.18281186E-03  0.32762967E-03  0.41787721E-03 -0.76152506E-02  0.50940100E-02 
 -0.44152155E-02  0.42997094E-02 -0.58149585E-02 -0.41400444E+00  0.10711111E-02 
  0.91595076E-01  0.28621889E-02  0.13996781E-02 
 -0.20827937E+00 -0.52205694E-03 -0.10438073E-02 -0.52393618E-01  0.27609673E-01 
  0.24114434E-01  0.47008254E-02  0.33309466E-02  0.10894286E-01 -0.27868832E-02 
 -0.16968009E-02  0.19217841E-01 -0.22620221E-05 -0.54207135E-05  0.97784597E-04 
  0.55534068E-04 -0.35207068E-03  0.73786682E-04  0.39206669E-03  0.54880602E-03 
 -0.17556770E-03 -0.24682901E-03  0.18130584E-02  0.95620178E-02 -0.30403261E-01 
  0.22596759E-02 -0.24833429E-02 -0.63730846E-02  0.13848079E+00 -0.80739041E-03 
 -0.30583703E-01 -0.85816698E-03 -0.66430369E-03 
  0.23492243E-03  0.51230692E-06  0.10242869E-05  0.73875742E-04  0.34733638E-04 
 -0.71741489E-04 -0.31932694E-05 -0.63478283E-05 -0.15358757E-05  0.19716863E-05 
  0.56794512E-05 -0.22620221E-05  0.31043169E-06  0.62176949E-09  0.31589798E-07 
  0.29418803E-07  0.12188642E-06 -0.16426073E-06  0.40955543E-06  0.21245963E-06 
 -0.42665883E-06 -0.44665436E-07  0.20958718E-05 -0.87809178E-05  0.71062374E-05 
 -0.59997060E-05  0.81995374E-06 -0.21722870E-06 -0.20172758E-03 -0.13693930E-06 
  0.46390160E-04  0.59274491E-06  0.17958997E-06 
  0.27492240E-03 -0.68424158E-06 -0.13689029E-05  0.14775607E-03 -0.25440542E-04 
 -0.60772611E-04 -0.29087709E-04  0.55028969E-05 -0.13265203E-04  0.18142324E-05 
  0.32131999E-05 -0.54207135E-05  0.62176949E-09  0.19379001E-06 -0.23532647E-06 
 -0.99267772E-06  0.41195332E-06 -0.16895261E-06  0.10913808E-05  0.14826969E-06 
  0.16782559E-06 -0.10406131E-05 -0.77512124E-05 -0.61505519E-05  0.21985940E-04 
  0.10408309E-05  0.36577949E-05 -0.26918654E-05 -0.22344253E-03 -0.12178302E-05 
  0.50583742E-04  0.11760857E-05  0.61030567E-06 
  0.23872787E-02 -0.52490079E-04 -0.10498452E-03  0.96421639E-03  0.66303946E-03 
 -0.20116262E-02  0.14972231E-02  0.12099501E-03  0.17570312E-03 -0.38138348E-04 
  0.12258192E-03  0.97784597E-04  0.31589798E-07 -0.23532647E-06  0.28146861E-04 
  0.60549451E-05 -0.18619715E-04 -0.10135690E-04 -0.16912866E-04  0.34732156E-04 
 -0.25635544E-05  0.16043259E-04  0.25435650E-03 -0.30344246E-03 -0.13491980E-03 
  0.36114545E-04 -0.25175459E-03  0.32889318E-05 -0.15772695E-02 -0.83154884E-05 
  0.33427954E-03  0.20253719E-04  0.10235746E-04 
  0.18152332E-02  0.15437609E-04  0.30872467E-04 -0.11917226E-02  0.14890124E-02 
 -0.83366071E-03  0.22539689E-03 -0.82470210E-04  0.16272362E-03 -0.25529555E-04 
  0.60907860E-04  0.55534068E-04  0.29418803E-07 -0.99267772E-06  0.60549451E-05 
  0.13435452E-04  0.11105382E-05 -0.11272226E-04 -0.95763815E-05  0.23400210E-05 
 -0.11294221E-04  0.17268324E-04  0.11608622E-03  0.19325221E-04 -0.27003421E-03 
 -0.13311072E-03  0.23156132E-04  0.23837763E-04 -0.10238049E-02  0.14260352E-04 
  0.22259051E-03  0.71662275E-05  0.64414718E-05 
  0.82817896E-02  0.81257040E-04  0.16250248E-03  0.19829873E-02  0.35290121E-04 
  0.11529553E-04 -0.26661632E-02 -0.56452612E-03 -0.24511494E-03  0.63581092E-04 
 -0.42219346E-04 -0.35207068E-03  0.12188642E-06  0.41195332E-06 -0.18619715E-04 
  0.11105382E-05  0.72826374E-04 -0.50197821E-04  0.10961292E-04 -0.33800605E-04 
 -0.19330489E-04  0.10164785E-04 -0.23170576E-03 -0.32156992E-04  0.45614273E-03 
 -0.15098108E-03  0.30177538E-03  0.23598653E-03 -0.51933625E-02  0.38323727E-04 
  0.11664058E-02  0.20060942E-04  0.22788620E-04 
 -0.10906098E-01 -0.35262244E-04 -0.70508297E-04 -0.22407408E-02 -0.19052792E-02 
  0.24562198E-02  0.14226776E-02  0.40266300E-03 -0.68366905E-04  0.20532013E-04 
 -0.10572351E-03  0.73786682E-04 -0.16426073E-06 -0.16895261E-06 -0.10135690E-04 
 -0.11272226E-04 -0.50197821E-04  0.63503142E-04  0.28435905E-05 -0.55451280E-05 
  0.30108079E-04 -0.30019326E-04 -0.38190466E-04  0.22023817E-03  0.38221372E-04 
  0.17236855E-03 -0.97572499E-04 -0.18872372E-03  0.71493480E-02 -0.27220541E-04 
 -0.15863383E-02 -0.41750963E-04 -0.34563556E-04 
 -0.15696574E-01  0.12683098E-04  0.25390153E-04 -0.31040495E-03 -0.93574491E-03 
  0.44139034E-02 -0.27992791E-02 -0.49602485E-05  0.76049021E-06  0.13576883E-04 
 -0.25932935E-03  0.39206669E-03  0.40955543E-06  0.10913808E-05 -0.16912866E-04 




  0.10338376E-04 -0.49384134E-04 -0.28728185E-03  0.45525688E-03 -0.48732620E-03 
  0.86405352E-04  0.14595157E-03 -0.84078003E-04  0.94851133E-02 -0.37261695E-04 
 -0.20858950E-02 -0.71756439E-04 -0.38290810E-04 
 -0.12241371E-01 -0.17916989E-03 -0.35832336E-03  0.23794346E-02  0.29009800E-02 
 -0.19626325E-02  0.10443616E-02  0.28454170E-03  0.62445338E-03 -0.16381522E-03 
  0.90416476E-04  0.54880602E-03  0.21245963E-06  0.14826969E-06  0.34732156E-04 
  0.23400210E-05 -0.33800605E-04 -0.55451280E-05 -0.17676863E-04  0.12250818E-03 
 -0.14683378E-04  0.29106436E-04  0.70303053E-03 -0.59112463E-03 -0.96582799E-03 
  0.15254873E-03 -0.77195959E-03  0.20830974E-03  0.78590478E-02 -0.65147588E-04 
 -0.17198972E-02 -0.50450596E-04 -0.39245618E-04 
 -0.22928958E-01 -0.98298981E-04 -0.19656484E-03  0.14548748E-02 -0.23238381E-02 
  0.48208189E-02 -0.18926062E-02  0.17143841E-03 -0.21942596E-03  0.84853445E-04 
 -0.18281186E-03 -0.17556770E-03 -0.42665883E-06  0.16782559E-06 -0.25635544E-05 
 -0.11294221E-04 -0.19330489E-04  0.30108079E-04  0.10338376E-04 -0.14683378E-04 
  0.73197489E-04 -0.67585638E-04 -0.13597119E-03 -0.97943652E-04  0.49117777E-03 
  0.10340799E-03  0.61285082E-05  0.79160409E-04  0.14488661E-01 -0.31567861E-04 
 -0.32395161E-02 -0.87415724E-04 -0.33721748E-04 
  0.28217250E-01  0.57168070E-04  0.11429429E-03 -0.72194186E-03  0.25485196E-02 
 -0.70026523E-02  0.36930267E-02 -0.16160425E-03  0.10349187E-03 -0.66415845E-04 
  0.32762967E-03 -0.24682901E-03 -0.44665436E-07 -0.10406131E-05  0.16043259E-04 
  0.17268324E-04  0.10164785E-04 -0.30019326E-04 -0.49384134E-04  0.29106436E-04 
 -0.67585638E-04  0.10118527E-03  0.36242313E-03 -0.32296435E-03  0.13224562E-03 
 -0.14249982E-03 -0.17808556E-03  0.64288207E-04 -0.17376083E-01  0.48420975E-04 
  0.38731664E-02  0.11095974E-03  0.45629716E-04 
 -0.15443134E+00 -0.93569276E-03 -0.18711658E-02 -0.13257990E-01  0.24133633E-01 
  0.15695798E-02  0.18159795E-01  0.10180879E-02  0.47278494E-02  0.92016018E-04 
  0.41787721E-03  0.18130584E-02  0.20958718E-05 -0.77512124E-05  0.25435650E-03 
  0.11608622E-03 -0.23170576E-03 -0.38190466E-04 -0.28728185E-03  0.70303053E-03 
 -0.13597119E-03  0.36242313E-03  0.78273133E-02 -0.43491696E-02 -0.61557494E-02 
 -0.13577867E-02 -0.64974266E-02  0.31220465E-02  0.10138160E+00 -0.45920390E-03 
 -0.22066656E-01 -0.74689303E-03 -0.61330925E-03 
 -0.39757595E+00  0.11552830E-02  0.23111706E-02 -0.12958149E+00 -0.14832666E-01 
  0.12031273E+00 -0.12268386E-01  0.60709040E-03  0.13210980E-02 -0.72803034E-03 
 -0.76152506E-02  0.95620178E-02 -0.87809178E-05 -0.61505519E-05 -0.30344246E-03 
  0.19325221E-04 -0.32156992E-04  0.22023817E-03  0.45525688E-03 -0.59112463E-03 
 -0.97943652E-04 -0.32296435E-03 -0.43491696E-02  0.19568940E-01 -0.17036080E-01 
  0.20339788E-02  0.28878591E-02 -0.39884095E-02  0.26985220E+00 -0.62063401E-03 
 -0.60114589E-01 -0.17053959E-02 -0.80457023E-03 
  0.53215289E+00  0.58129322E-03  0.11617974E-02  0.12776175E+00 -0.80948782E-01 
 -0.78984853E-01  0.28586535E-01 -0.36010110E-02 -0.22468835E-01  0.49328333E-02 
  0.50940100E-02 -0.30403261E-01  0.71062374E-05  0.21985940E-04 -0.13491980E-03 
 -0.27003421E-03  0.45614273E-03  0.38221372E-04 -0.48732620E-03 -0.96582799E-03 
  0.49117777E-03  0.13224562E-03 -0.61557494E-02 -0.17036080E-01  0.57646038E-01 
 -0.33064425E-03  0.38974657E-02  0.38133189E-02 -0.34859305E+00  0.13006414E-02 
  0.77120276E-01  0.23044490E-02  0.13063263E-02 
 -0.13467038E+00 -0.45162205E-03 -0.90303935E-03 -0.21356007E-02 -0.61059393E-01 
  0.50664615E-01  0.11346811E-01  0.18899889E-02 -0.11420580E-02 -0.59287320E-04 
 -0.44152155E-02  0.22596759E-02 -0.59997060E-05  0.10408309E-05  0.36114545E-04 
 -0.13311072E-03 -0.15098108E-03  0.17236855E-03  0.86405352E-04  0.15254873E-03 
  0.10340799E-03 -0.14249982E-03 -0.13577867E-02  0.20339788E-02 -0.33064425E-03 
  0.74404514E-02 -0.49223709E-02 -0.32595039E-04  0.97404990E-01 -0.36620762E-03 
 -0.21629082E-01 -0.58681521E-03 -0.41850321E-03 
  0.34236609E+00  0.13315567E-02  0.26626087E-02  0.11452110E-01  0.34450305E-01 
 -0.63153185E-01 -0.19993132E-01 -0.22645253E-02 -0.23359915E-02 -0.71334833E-03 
  0.42997094E-02 -0.24833429E-02  0.81995374E-06  0.36577949E-05 -0.25175459E-03 
  0.23156132E-04  0.30177538E-03 -0.97572499E-04  0.14595157E-03 -0.77195959E-03 
  0.61285082E-05 -0.17808556E-03 -0.64974266E-02  0.28878591E-02  0.38974657E-02 
 -0.49223709E-02  0.11165493E-01 -0.42750983E-02 -0.22990031E+00  0.94989208E-03 
  0.50371624E-01  0.16295774E-02  0.12257574E-02 




  0.95670309E-01 -0.58482144E-01 -0.21670606E-02 -0.23738224E-03  0.13507837E-02 
 -0.58149585E-02 -0.63730846E-02 -0.21722870E-06 -0.26918654E-05  0.32889318E-05 
  0.23837763E-04  0.23598653E-03 -0.18872372E-03 -0.84078003E-04  0.20830974E-03 
  0.79160409E-04  0.64288207E-04  0.31220465E-02 -0.39884095E-02  0.38133189E-02 
 -0.32595039E-04 -0.42750983E-02  0.11874057E-01  0.26635866E+00 -0.58808379E-03 
 -0.58640927E-01 -0.20122017E-02 -0.85564475E-03 
 -0.34033500E+02 -0.40635331E-01 -0.81219403E-01 -0.26804025E+01 -0.92533850E+00 
  0.73891583E+01 -0.18964867E+01  0.41412368E-01  0.55973085E-01  0.40036024E-01 
 -0.41400444E+00  0.13848079E+00 -0.20172758E-03 -0.22344253E-03 -0.15772695E-02 
 -0.10238049E-02 -0.51933625E-02  0.71493480E-02  0.94851133E-02  0.78590478E-02 
  0.14488661E-01 -0.17376083E-01  0.10138160E+00  0.26985220E+00 -0.34859305E+00 
  0.97404990E-01 -0.22990031E+00  0.26635866E+00  0.23250035E+02 -0.61387448E-01 
 -0.51535261E+01 -0.15414021E+00 -0.78591421E-01 
  0.94209587E-01  0.17279445E-03  0.34544764E-03  0.52966797E-02  0.20245076E-02 
 -0.18938701E-01  0.45080242E-02 -0.40707586E-03 -0.22239298E-03 -0.85573471E-04 
  0.10711111E-02 -0.80739041E-03 -0.13693930E-06 -0.12178302E-05 -0.83154884E-05 
  0.14260352E-04  0.38323727E-04 -0.27220541E-04 -0.37261695E-04 -0.65147588E-04 
 -0.31567861E-04  0.48420975E-04 -0.45920390E-03 -0.62063401E-03  0.13006414E-02 
 -0.36620762E-03  0.94989208E-03 -0.58808379E-03 -0.61387448E-01  0.46974927E-03 
  0.13154474E-01  0.53204893E-03  0.34235951E-03 
  0.75282548E+01  0.89988297E-02  0.17986321E-01  0.59578424E+00  
0.20462148E+00 
 -0.16349493E+01  0.41936628E+00 -0.92885977E-02 -0.12343095E-01 -0.86934188E-02 
  0.91595076E-01 -0.30583703E-01  0.46390160E-04  0.50583742E-04  0.33427954E-03 
  0.22259051E-03  0.11664058E-02 -0.15863383E-02 -0.20858950E-02 -0.17198972E-02 
 -0.32395161E-02  0.38731664E-02 -0.22066656E-01 -0.60114589E-01  0.77120276E-01 
 -0.21629082E-01  0.50371624E-01 -0.58640927E-01 -0.51535261E+01  0.13154474E-01 
  0.11438494E+01  0.33643877E-01  0.16970485E-01 
  0.23436672E+00  0.25896643E-03  0.51757953E-03  0.17122428E-01  0.62018912E-02 
 -0.51059362E-01  0.14113902E-01 -0.15975966E-03 -0.37198148E-03 -0.33760296E-03 
  0.28621889E-02 -0.85816698E-03  0.59274491E-06  0.11760857E-05  0.20253719E-04 
  0.71662275E-05  0.20060942E-04 -0.41750963E-04 -0.71756439E-04 -0.50450596E-04 
 -0.87415724E-04  0.11095974E-03 -0.74689303E-03 -0.17053959E-02  0.23044490E-02 
 -0.58681521E-03  0.16295774E-02 -0.20122017E-02 -0.15414021E+00  0.53204893E-03 
  0.33643877E-01  0.12171236E-02  0.64850562E-03 
  0.11510896E+00  0.14120161E-03  0.28223024E-03  0.92241839E-02  0.44230856E-02 
 -0.24800858E-01  0.40625455E-02 -0.18116234E-03 -0.24207378E-03 -0.24158629E-03 
  0.13996781E-02 -0.66430369E-03  0.17958997E-06  0.61030567E-06  0.10235746E-04 
  0.64414718E-05  0.22788620E-04 -0.34563556E-04 -0.38290810E-04 -0.39245618E-04 
 -0.33721748E-04  0.45629716E-04 -0.61330925E-03 -0.80457023E-03  0.13063263E-02 
 -0.41850321E-03  0.12257574E-02 -0.85564475E-03 -0.78591421E-01  0.34235951E-03 
  0.16970485E-01  0.64850562E-03  0.49404129E-03 
 
technical efficiency estimates : 
     firm  year             eff.-est. 
 
       1     1           0.87324194E+00 
       2     1           0.96238254E+00 
       3     1           0.72274504E+00 
       4     1           0.76626528E+00 
       5     1           0.95153792E+00 
       6     1           0.96889116E+00 
       7     1           0.94850024E+00 
       8     1           0.93150352E+00 
       9     1           0.96232617E+00 
      10     1           0.93606516E+00 
      11     1           0.96544537E+00 
      12     1           0.95665813E+00 
      13     1           0.87555491E+00 




       1     2           0.92388010E+00 
       2     2           0.95206164E+00 
       3     2           0.70842289E+00 
       4     2           0.79878164E+00 
       5     2           0.94951680E+00 
       6     2           0.96085842E+00 
       7     2           0.95620538E+00 
       8     2           0.95696938E+00 
       9     2           0.96176419E+00 
      10     2           0.94297119E+00 
      11     2           0.94634138E+00 
      12     2           0.95556409E+00 
      13     2           0.87829947E+00 
      14     2           0.92748737E+00 
       1     3           0.93448170E+00 
       2     3           0.95210360E+00 
       3     3           0.71556861E+00 
       4     3           0.92884522E+00 
       5     3           0.94598462E+00 
       6     3           0.96500607E+00 
       7     3           0.95837391E+00 
       8     3           0.94379057E+00 
       9     3           0.96025230E+00 
      10     3           0.93777044E+00 
      11     3           0.91539152E+00 
      12     3           0.95855534E+00 
      13     3           0.75101285E+00 
      14     3           0.94399231E+00 
       1     4           0.92124619E+00 
       2     4           0.96708454E+00 
       3     4           0.70720275E+00 
       4     4           0.92195535E+00 
       5     4           0.94780439E+00 
       6     4           0.97040618E+00 
       7     4           0.95641508E+00 
       8     4           0.93059602E+00 
       9     4           0.94889273E+00 
      10     4           0.90925676E+00 
      11     4           0.91806477E+00 
      12     4           0.95741976E+00 
      13     4           0.78987486E+00 
      14     4           0.92010110E+00 
       1     5           0.95929160E+00 
       2     5           0.95514928E+00 
       3     5           0.73575494E+00 
       4     5           0.93333909E+00 
       5     5           0.95082127E+00 
       6     5           0.96457343E+00 
       7     5           0.94935745E+00 
       8     5           0.92917780E+00 
       9     5           0.95557895E+00 
      10     5           0.89783969E+00 
      11     5           0.96615793E+00 
      12     5           0.96196215E+00 
      13     5           0.82123692E+00 
      14     5           0.94283873E+00 
       1     6           0.93825607E+00 
       2     6           0.95171561E+00 
       3     6           0.74809415E+00 




       5     6           0.93750911E+00 
       6     6           0.96888330E+00 
       7     6           0.94494123E+00 
       8     6           0.91648958E+00 
       9     6           0.94209274E+00 
      10     6           0.86820073E+00 
      11     6           0.97258435E+00 
      12     6           0.96467066E+00 
      13     6           0.85975309E+00 
      14     6           0.94218282E+00 
       1     7           0.93961510E+00 
       2     7           0.94644689E+00 
       3     7           0.77822951E+00 
       4     7           0.88992475E+00 
       5     7           0.92662931E+00 
       6     7           0.96174538E+00 
       7     7           0.94096713E+00 
       8     7           0.92244906E+00 
       9     7           0.94560922E+00 
      10     7           0.89346681E+00 
      11     7           0.96814433E+00 
      12     7           0.96802273E+00 
      13     7           0.84507521E+00 
      14     7           0.94343774E+00 
       1     8           0.95040198E+00 
       2     8           0.96206027E+00 
       3     8           0.75613610E+00 
       4     8           0.90677347E+00 
       5     8           0.92232266E+00 
       6     8           0.95860204E+00 
       7     8           0.93706798E+00 
       8     8           0.95241859E+00 
       9     8           0.95191587E+00 
      10     8           0.90442947E+00 
      11     8           0.97290969E+00 
      12     8           0.96645437E+00 
      13     8           0.80381118E+00 
      14     8           0.96050921E+00 
       1     9           0.92642208E+00 
       2     9           0.95790590E+00 
       3     9           0.76591870E+00 
       4     9           0.83042180E+00 
       5     9           0.94847876E+00 
       6     9           0.95724377E+00 
       7     9           0.94242534E+00 
       8     9           0.94107718E+00 
       9     9           0.96636563E+00 
      10     9           0.88631355E+00 
      11     9           0.95485613E+00 
      12     9           0.96856735E+00 
      13     9           0.87386039E+00 
      14     9           0.95322832E+00 
       1    10           0.90969258E+00 
       2    10           0.93426393E+00 
       3    10           0.80575946E+00 
       4    10           0.71871450E+00 
       5    10           0.94072388E+00 
       6    10           0.95717351E+00 
       7    10           0.94095027E+00 




       9    10           0.94790119E+00 
      10    10           0.91452133E+00 
      11    10           0.93804655E+00 
      12    10           0.97149985E+00 
      13    10           0.77936315E+00 
      14    10           0.94693288E+00 
       1    11           0.89875897E+00 
       2    11           0.94474482E+00 
       3    11           0.84498546E+00 
       4    11           0.74798048E+00 
       5    11           0.92672554E+00 
       6    11           0.96631631E+00 
       7    11           0.94046963E+00 
       8    11           0.95582012E+00 
       9    11           0.94486756E+00 
      10    11           0.89017948E+00 
      11    11           0.94747409E+00 
      12    11           0.96786418E+00 
      13    11           0.78122288E+00 
      14    11           0.95998120E+00 
       1    12           0.91791291E+00 
       2    12           0.95646190E+00 
       3    12           0.89370406E+00 
       4    12           0.73833293E+00 
       5    12           0.92095813E+00 
       6    12           0.97022514E+00 
       7    12           0.94386126E+00 
       8    12           0.95311815E+00 
       9    12           0.85221597E+00 
      10    12           0.89875670E+00 
      11    12           0.95235152E+00 
      12    12           0.96943465E+00 
      13    12           0.75366641E+00 
      14    12           0.94631439E+00 
       1    13           0.90022244E+00 
       2    13           0.96265440E+00 
       3    13           0.91522625E+00 
       4    13           0.72874247E+00 
       5    13           0.92429087E+00 
       6    13           0.97136085E+00 
       7    13           0.94776557E+00 
       8    13           0.95147552E+00 
       9    13           0.78325917E+00 
      10    13           0.90961673E+00 
      11    13           0.92323551E+00 
      12    13           0.97328472E+00 
      13    13           0.28428845E+00 
      14    13           0.94982478E+00 
       1    14           0.89856290E+00 
       2    14           0.94609731E+00 
       3    14           0.93018500E+00 
       4    14           0.69666177E+00 
       5    14           0.91769060E+00 
       6    14           0.97046637E+00 
       7    14           0.95081740E+00 
       8    14           0.95497408E+00 
       9    14           0.79167027E+00 
      10    14           0.90020606E+00 
      11    14           0.95219301E+00 




      13    14           0.29439253E+00 
      14    14           0.95357005E+00 
       1    15           0.91218324E+00 
       2    15           0.94605909E+00 
       3    15           0.93040373E+00 
       4    15           0.85023201E+00 
       5    15           0.91785885E+00 
       6    15           0.96900469E+00 
       7    15           0.94706372E+00 
       8    15           0.95608138E+00 
       9    15           0.75893902E+00 
      10    15           0.89143374E+00 
      11    15           0.93218161E+00 
      12    15           0.97286456E+00 
      13    15           0.29562265E+00 
      14    15           0.95339377E+00 
       1    16           0.93896136E+00 
       2    16           0.95053428E+00 
       3    16           0.94957488E+00 
       4    16           0.88866400E+00 
       5    16           0.92637289E+00 
       6    16           0.96390556E+00 
       7    16           0.95002940E+00 
       8    16           0.95674528E+00 
       9    16           0.76996791E+00 
      10    16           0.89007284E+00 
      11    16           0.94657565E+00 
      12    16           0.97384573E+00 
      13    16           0.29593062E+00 
      14    16           0.94971818E+00 
 
 mean efficiency =   0.90381533E+00 
 
summary of panel of observations: 
(1 = observed, 0 = not observed) 
  t:   1   2   3   4   5   6   7   8   9  10  11  12  13  14  15  16    n 
   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   2   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   3   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   4   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   5   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   6   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   7   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   8   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   9   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  10   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  11   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  12   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  13   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  14   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
 
      14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14 224 































2               1=ERROR COMPONENTS MODEL, 2=TE EFFECTS MODEL 
ODF2b-d.txt         DATA FILE NAME 
ODF2b-o.txt         OUTPUT FILE NAME 
1               1=PRODUCTION FUNCTION, 2=COST FUNCTION 
y               LOGGED DEPENDENT VARIABLE (Y/N) 
14               NUMBER OF CROSS-SECTIONS 
16               NUMBER OF TIME PERIODS 
224              NUMBER OF OBSERVATIONS IN TOTAL 
20               NUMBER OF REGRESSOR VARIABLES (Xs)  
y               MU (Y/N) [OR DELTA0 (Y/N) IF USING TE EFFECTS MODEL] 
2               ETA (Y/N) [OR NUMBER OF TE EFFECTS REGRESSORS (Zs)] 
n               STARTING VALUES (Y/N) 
                IF YES THEN     BETA0               
                                BETA1 TO 
                                BETAK             
                                SIGMA SQUARED 
                                GAMMA 
                                MU              [OR DELTA0 
                                ETA                 DELTA1 TO 
                                                      DELTAP] 
 
                                NOTE: IF YOU ARE SUPPLYING STARTING VALUES 
                                AND YOU HAVE RESTRICTED MU [OR DELTA0] TO BE 
                                ZERO THEN YOU SHOULD NOT SUPPLY A STARTING 















instruction file = ODF2b-i.txt  
data file =        ODF2b-d.txt  
 
 Tech. Eff. Effects Frontier (see B&C 1993) 
 The model is a production function 
 The dependent variable is logged 
 
the ols estimates are : 
                coefficient     standard-error    t-ratio 
 
  beta 0         0.34228503E+02  0.99667590E+01  0.34342661E+01 
  beta 1         0.35882528E+01  0.19699853E+01  0.18214617E+01 
  beta 2         0.10371134E+00  0.12060645E+01  0.85991538E-01 
  beta 3        -0.76578731E+01  0.23114933E+01 -0.33129549E+01 
  beta 4         0.53058163E+01  0.16651574E+01  0.31863753E+01 
  beta 5         0.21145926E+00  0.83894603E-01  0.25205347E+01 
  beta 6        -0.37617246E+00  0.84734603E-01 -0.44394197E+01 
  beta 7        -0.12449246E-01  0.32823471E-01 -0.37927878E+00 
  beta 8         0.54393772E+00  0.14067670E+00  0.38665799E+01 
  beta 9        -0.37794870E+00  0.13629865E+00 -0.27729453E+01 
  beta10         0.64202421E-03  0.75365743E-03  0.85187803E+00 
  beta11        -0.12215016E-01  0.54163856E-02 -0.22551970E+01 
  beta12        -0.96237570E-02  0.34636633E-02 -0.27784910E+01 
  beta13        -0.26460052E-01  0.10014660E-01 -0.26421318E+01 
  beta14         0.43970406E-01  0.95580862E-02  0.46003358E+01 
  beta15        -0.14456209E+00  0.62512155E-01 -0.23125436E+01 
  beta16        -0.42803875E+00  0.20039210E+00 -0.21360061E+01 
  beta17         0.11457829E+01  0.22531638E+00  0.50852177E+01 
  beta18        -0.67073535E-01  0.11990425E+00 -0.55939248E+00 
  beta19         0.27375524E+00  0.10199857E+00  0.26839126E+01 
  beta20        -0.61137087E+00  0.18976076E+00 -0.32217982E+01 
  sigma-squared  0.41431756E-01 
 
log likelihood function =   0.49758318E+02 
 
the estimates after the grid search were : 
 
  beta 0         0.34263638E+02 
  beta 1         0.35882528E+01 
  beta 2         0.10371134E+00 
  beta 3        -0.76578731E+01 
  beta 4         0.53058163E+01 
  beta 5         0.21145926E+00 
  beta 6        -0.37617246E+00 
  beta 7        -0.12449246E-01 
  beta 8         0.54393772E+00 
  beta 9        -0.37794870E+00 
  beta10         0.64202421E-03 
  beta11        -0.12215016E-01 
  beta12        -0.96237570E-02 
  beta13        -0.26460052E-01 
  beta14         0.43970406E-01 
  beta15        -0.14456209E+00 
  beta16        -0.42803875E+00 
  beta17         0.11457829E+01 
  beta18        -0.67073535E-01 
  beta19         0.27375524E+00 
  beta20        -0.61137087E+00 




  delta 1        0.00000000E+00 
  delta 2        0.00000000E+00 
  sigma-squared  0.38781998E-01 
  gamma          0.50000000E-01 
  
 iteration =     0  func evals =     20  llf =  0.49752074E+02 
     0.34263638E+02 0.35882528E+01 0.10371134E+00-0.76578731E+01 0.53058163E+01 
     0.21145926E+00-0.37617246E+00-0.12449246E-01 0.54393772E+00-0.37794870E+00 
     0.64202421E-03-0.12215016E-01-0.96237570E-02-0.26460052E-01 0.43970406E-01 
    -0.14456209E+00-0.42803875E+00 0.11457829E+01-0.67073535E-01 0.27375524E+00 
    -0.61137087E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00 0.38781998E-01 
     0.50000000E-01 
 gradient step 
 iteration =     5  func evals =     41  llf =  0.51863568E+02 
     0.34263636E+02 0.35882522E+01 0.10370607E+00-0.76578844E+01 0.53058234E+01 
     0.21145620E+00-0.37620808E+00-0.12540289E-01 0.54382063E+00-0.37784514E+00 
     0.69152518E-03-0.12209327E-01-0.96274067E-02-0.26497207E-01 0.44032440E-01 
    -0.14456996E+00-0.42806406E+00 0.11458056E+01-0.67138074E-01 0.27380131E+00 
    -0.61127877E+00 0.26236364E-04-0.10289031E-01-0.35170313E-05 0.38777526E-01 
     0.50007309E-01 
 iteration =    10  func evals =     67  llf =  0.62097437E+02 
     0.34264237E+02 0.35902891E+01 0.10747180E+00-0.76536803E+01 0.53086064E+01 
     0.21420114E+00-0.38060773E+00-0.21026848E-01 0.54107524E+00-0.37685940E+00 
     0.15643048E-02-0.10934084E-01-0.72276902E-02-0.29072192E-01 0.43045043E-01 
    -0.14235391E+00-0.42700651E+00 0.11439927E+01-0.60612881E-01 0.27205305E+00 
    -0.60727706E+00 0.95683300E-02-0.28265133E-01 0.39690039E-01 0.36137919E-01 
     0.57286365E-01 
 iteration =    15  func evals =     88  llf =  0.77356161E+02 
     0.34276415E+02 0.36201422E+01 0.16274480E+00-0.75729597E+01 0.53435751E+01 
     0.25667960E+00-0.39377614E+00-0.20958011E-01 0.52362750E+00-0.32496409E+00 
     0.32791007E-02-0.59339665E-02-0.28097971E-02-0.37394779E-01 0.41024093E-01 
    -0.16960569E+00-0.40763808E+00 0.11418205E+01-0.39854053E-01 0.23587332E+00 
    -0.61783944E+00 0.32227312E-01-0.83994310E-01 0.12358483E+00 0.35184274E-01 
     0.47416200E+00 
 iteration =    20  func evals =    110  llf =  0.79662966E+02 
     0.34269762E+02 0.36306159E+01 0.13772813E+00-0.75961022E+01 0.53275669E+01 
     0.31649690E+00-0.32672645E+00-0.40366841E-01 0.52229716E+00-0.22825639E+00 
     0.33983082E-02-0.31502930E-02-0.15455927E-02-0.44447057E-01 0.42695078E-01 
    -0.18629375E+00-0.37760992E+00 0.98914832E+00-0.12407874E-01 0.24267909E+00 
    -0.65695288E+00 0.22687076E-01-0.92722352E-01 0.13976520E+00 0.35132451E-01 
     0.53780691E+00 
 iteration =    25  func evals =    127  llf =  0.11737358E+03 
     0.34246349E+02 0.27002479E+01 0.63917116E+00-0.74399616E+01 0.50847269E+01 
     0.30887584E+00-0.15703380E+00-0.10121830E+00 0.48168888E+00 0.91397068E-02 
     0.20562950E-02-0.31590817E-02-0.51413029E-02-0.36083080E-01 0.34071568E-01 
    -0.20445334E+00-0.19567532E+00 0.51954626E+00 0.22521833E-01 0.27238878E+00 
    -0.70786198E+00-0.62554670E+00-0.12951810E+00 0.35427613E+00 0.32732251E-01 
     0.89334204E+00 
 iteration =    30  func evals =    177  llf =  0.13987899E+03 
     0.32313119E+02 0.26480365E+01 0.14991006E+01-0.75686624E+01 0.49965581E+01 
     0.24716700E+00-0.13879952E+00-0.92361271E-01 0.52543604E+00 0.42225497E-02 
     0.62076731E-03-0.83045691E-02-0.76794893E-02-0.27209558E-01 0.34865769E-01 
    -0.16038516E+00-0.22796487E+00 0.52087546E+00-0.85043729E-01 0.31728555E+00 
    -0.72568065E+00-0.63604910E+00-0.12026931E+00 0.33622009E+00 0.31866379E-01 
     0.82855198E+00 
 iteration =    35  func evals =    228  llf =  0.14204473E+03 
     0.25123718E+02 0.20901080E+01 0.17154639E+01-0.59881753E+01 0.40317532E+01 
     0.19576892E+00-0.15012515E+00-0.88976964E-01 0.43932026E+00-0.69384225E-01 
     0.56878535E-03-0.68518791E-02-0.74457665E-02-0.21709591E-01 0.29710762E-01 




    -0.60176441E+00 0.28759748E+01-0.11302710E+00-0.50601601E+00 0.32886621E-01 
     0.82565408E+00 
 iteration =    40  func evals =    322  llf =  0.14656918E+03 
     0.13527579E+02 0.62133574E+00 0.16956788E+01-0.33315166E+01 0.31808767E+01 
     0.20249776E+00-0.12234765E+00-0.91719790E-01 0.28344523E+00-0.57831726E-01 
     0.55149049E-03-0.90410858E-02-0.73483720E-02-0.22862912E-01 0.32605089E-01 
    -0.14930931E+00-0.42067896E-01 0.40131937E+00-0.98389227E-01 0.30887086E+00 
    -0.48639982E+00 0.38288602E+01-0.10731388E+00-0.72495155E+00 0.28562596E-01 
     0.81508590E+00 
 iteration =    45  func evals =    414  llf =  0.14981864E+03 
    -0.92076036E+00-0.19883949E+01 0.14471003E+01-0.30235588E-01 0.30086706E+01 
     0.21098323E+00-0.90485930E-01-0.90125823E-01 0.92617228E-01 0.23002813E-01 
     0.69416441E-03-0.10995490E-01-0.58693238E-02-0.26041993E-01 0.37078029E-01 
    -0.12335908E+00 0.21830506E+00 0.17690478E+00-0.62031273E-01 0.24766165E+00 
    -0.43531560E+00 0.56054801E+01-0.10051324E+00-0.11330867E+01 0.24065883E-01 
     0.79521202E+00 
 iteration =    50  func evals =    529  llf =  0.15363435E+03 
    -0.62126167E+00-0.33905708E+01 0.23665470E+01-0.48903233E+00 0.36293989E+01 
     0.23094550E+00-0.12788088E-01-0.11422784E+00 0.13187883E+00 0.19393293E+00 
     0.30786132E-03-0.13100216E-01-0.28979004E-02-0.27558352E-01 0.35998777E-01 
    -0.10226352E+00 0.38505389E+00-0.90602245E-01-0.12021951E+00 0.27387884E+00 
    -0.56955968E+00 0.78921823E+01-0.95391583E-01-0.16508632E+01 0.20961647E-01 
     0.71679306E+00 
 iteration =    55  func evals =    559  llf =  0.15373544E+03 
    -0.15156960E+01-0.34282891E+01 0.22957706E+01-0.26068693E+00 0.35711064E+01 
     0.22389553E+00-0.22815637E-01-0.11191450E+00 0.11797031E+00 0.18538042E+00 
     0.32494336E-03-0.13333967E-01-0.30180204E-02-0.26785696E-01 0.35673812E-01 
    -0.10572681E+00 0.39013708E+00-0.75133481E-01-0.11457215E+00 0.26954454E+00 
    -0.55965033E+00 0.82924134E+01-0.93914589E-01-0.17445953E+01 0.20314233E-01 
     0.71049802E+00 
 iteration =    60  func evals =    574  llf =  0.15375811E+03 
    -0.26025199E+01-0.35684430E+01 0.22372740E+01 0.59221014E-02 0.35455352E+01 
     0.21950852E+00-0.27167358E-01-0.11010059E+00 0.10189714E+00 0.18647753E+00 
     0.33137866E-03-0.13602439E-01-0.29829729E-02-0.26380252E-01 0.35561406E-01 
    -0.10668233E+00 0.40536268E+00-0.76543190E-01-0.10856819E+00 0.26192202E+00 
    -0.55374301E+00 0.88751361E+01-0.92162126E-01-0.18799324E+01 0.19529583E-01 
     0.69922576E+00 
 iteration =    65  func evals =    589  llf =  0.15378491E+03 
    -0.37626150E+01-0.37197318E+01 0.21601111E+01 0.30023019E+00 0.35219758E+01 
     0.21359937E+00-0.32566506E-01-0.10783861E+00 0.83760396E-01 0.18823911E+00 
     0.34100461E-03-0.13888144E-01-0.29177909E-02-0.25830408E-01 0.35332634E-01 
    -0.10792796E+00 0.42219335E+00-0.77266291E-01-0.10062063E+00 0.25200836E+00 
    -0.54747970E+00 0.96363809E+01-0.90222037E-01-0.20563551E+01 0.18702223E-01 
     0.68470008E+00 
 iteration =    70  func evals =    604  llf =  0.15382136E+03 
    -0.49670543E+01-0.38736040E+01 0.20511543E+01 0.62587378E+00 0.34982465E+01 
     0.20480193E+00-0.40243360E-01-0.10499860E+00 0.62850537E-01 0.19030602E+00 
     0.35758004E-03-0.14198333E-01-0.28303249E-02-0.24990709E-01 0.34891419E-01 
    -0.11018878E+00 0.44046660E+00-0.75259644E-01-0.89255074E-01 0.23884124E+00 
    -0.54048703E+00 0.10657699E+02-0.88022035E-01-0.22924934E+01 0.17787622E-01 
     0.66544128E+00 
 iteration =    75  func evals =    619  llf =  0.15386429E+03 
    -0.59101600E+01-0.39899042E+01 0.19252330E+01 0.90921750E+00 0.34827306E+01 
     0.19383263E+00-0.49438437E-01-0.10200780E+00 0.43546471E-01 0.19263167E+00 
     0.38417858E-03-0.14463549E-01-0.27158990E-02-0.23932178E-01 0.34229666E-01 
    -0.11335976E+00 0.45612216E+00-0.69619747E-01-0.75919963E-01 0.22417990E+00 
    -0.53470515E+00 0.11827281E+02-0.86010187E-01-0.25620989E+01 0.16931433E-01 
     0.64438216E+00 
 iteration =    80  func evals =    634  llf =  0.15390854E+03 




     0.18248968E+00-0.57144535E-01-0.99398906E-01 0.28647003E-01 0.19674413E+00 
     0.41156824E-03-0.14607909E-01-0.25296610E-02-0.22830271E-01 0.33365182E-01 
    -0.11607053E+00 0.46856888E+00-0.65299370E-01-0.64036101E-01 0.21040203E+00 
    -0.53137350E+00 0.13021744E+02-0.84426130E-01-0.28368076E+01 0.16224356E-01 
     0.62493308E+00 
 iteration =    85  func evals =    649  llf =  0.15396777E+03 
    -0.69923039E+01-0.41245884E+01 0.17025647E+01 0.12947636E+01 0.34740517E+01 
     0.17046043E+00-0.64817115E-01-0.96483308E-01 0.15310024E-01 0.20076060E+00 
     0.44600420E-03-0.14656247E-01-0.23092985E-02-0.21677061E-01 0.32364665E-01 
    -0.11860776E+00 0.47790654E+00-0.59180775E-01-0.51909865E-01 0.19580588E+00 
    -0.52821874E+00 0.14289668E+02-0.83033302E-01-0.31281493E+01 0.15603980E-01 
     0.60630439E+00 
 iteration =    90  func evals =    664  llf =  0.15405118E+03 
    -0.74133849E+01-0.41888915E+01 0.15844213E+01 0.14685985E+01 0.34830745E+01 
     0.15749986E+00-0.72265595E-01-0.93438226E-01 0.19362683E-02 0.20755312E+00 
     0.48471832E-03-0.14671030E-01-0.19801480E-02-0.20470238E-01 0.31209237E-01 
    -0.12109515E+00 0.48919810E+00-0.55266342E-01-0.38915680E-01 0.17945467E+00 
    -0.52686774E+00 0.15788318E+02-0.81413247E-01-0.34724843E+01 0.14919615E-01 
     0.58498511E+00 
 iteration =    95  func evals =    696  llf =  0.15421794E+03 
    -0.79069014E+01-0.42604441E+01 0.14133946E+01 0.16901136E+01 0.35030763E+01 
     0.13978391E+00-0.82850575E-01-0.88679223E-01-0.15359307E-01 0.21556118E+00 
     0.54322654E-03-0.14628514E-01-0.15158367E-02-0.18870119E-01 0.29640505E-01 
    -0.12406340E+00 0.50203387E+00-0.47001720E-01-0.20881424E-01 0.15607317E+00 
    -0.52485190E+00 0.17879951E+02-0.79037803E-01-0.39534844E+01 0.14077809E-01 
     0.55515329E+00 
 maximum number of iterations reached 
 iteration =   100  func evals =    806  llf =  0.15592682E+03 
    -0.81463560E+01-0.42691939E+01 0.11572094E+01 0.18744303E+01 0.35936302E+01 
     0.11996932E+00-0.10465070E+00-0.82614255E-01-0.30949082E-01 0.20943433E+00 
     0.63525653E-03-0.14347946E-01-0.10468640E-02-0.17256599E-01 0.28041196E-01 
    -0.13037789E+00 0.50397846E+00-0.35472520E-02 0.43332340E-02 0.12935084E+00 
    -0.52538863E+00 0.20158693E+02-0.75491241E-01-0.44785682E+01 0.13124154E-01 
     0.51701402E+00 
 
the final mle estimates are : 
 
                 coefficient     standard-error    t-ratio 
  beta 0        -0.81463560E+01  0.49114572E+01 -0.16586434E+01 
  beta 1        -0.42691939E+01  0.11242840E+01 -0.37972559E+01 
  beta 2         0.11572094E+01  0.73629945E+00  0.15716560E+01 
  beta 3         0.18744303E+01  0.11327396E+01  0.16547760E+01 
  beta 4         0.35936302E+01  0.86663319E+00  0.41466565E+01 
  beta 5         0.11996932E+00  0.62897287E-01  0.19073847E+01 
  beta 6        -0.10465070E+00  0.62009446E-01 -0.16876573E+01 
  beta 7        -0.82614255E-01  0.23317943E-01 -0.35429478E+01 
  beta 8        -0.30949082E-01  0.71415871E-01 -0.43336420E+00 
  beta 9         0.20943433E+00  0.94372409E-01  0.22192326E+01 
  beta10         0.63525653E-03  0.51180300E-03  0.12412130E+01 
  beta11        -0.14347946E-01  0.39037261E-02 -0.36754490E+01 
  beta12        -0.10468640E-02  0.21541738E-02 -0.48597007E+00 
  beta13        -0.17256599E-01  0.72451339E-02 -0.23818192E+01 
  beta14         0.28041196E-01  0.72472678E-02  0.38692093E+01 
  beta15        -0.13037789E+00  0.45445186E-01 -0.28689044E+01 
  beta16         0.50397846E+00  0.12384139E+00  0.40695480E+01 
  beta17        -0.35472520E-02  0.16529068E+00 -0.21460690E-01 
  beta18         0.43332340E-02  0.72187548E-01  0.60027444E-01 
  beta19         0.12935084E+00  0.64279186E-01  0.20123286E+01 
  beta20        -0.52538863E+00  0.10564706E+00 -0.49730549E+01 




  delta 1       -0.75491241E-01  0.50688820E-02 -0.14893075E+02 
  delta 2       -0.44785682E+01  0.48856622E+00 -0.91667579E+01 
  sigma-squared  0.13124154E-01  0.14462645E-02  0.90745191E+01 
  gamma          0.51701402E+00  0.43839922E-01  0.11793224E+02 
 
log likelihood function =   0.15495432E+03 
 
LR test of the one-sided error =   0.21039200E+03 
with number of restrictions = 4 
 [note that this statistic has a mixed chi-square distribution] 
 
number of iterations =    100 
 
(maximum number of iterations set at :   100) 
 
number of cross-sections =     14 
 
number of time periods =     16 
 
total number of observations =    224 
 
thus there are:      0  obsns not in the panel 
 
covariance matrix : 
 
  0.24122412E+02  0.36023264E+01 -0.52557081E+00 -0.53046849E+01  
0.17448329E+01 
 -0.23588862E-01 -0.77742387E-01  0.13422347E-01  0.29831502E+00 -0.38765407E-01 
  0.31222577E-03  0.21262510E-02 -0.28086932E-02  0.37620426E-02 -0.28834258E-02 
 -0.36754036E-01 -0.35212199E+00  0.35185223E+00  0.30779592E-01  0.80712650E-02 
 -0.21918520E+00 -0.29855329E+01 -0.64697714E-03  0.69345552E+00 -0.11013369E-02 
 -0.41292648E-02 
  0.36023264E+01  0.12640144E+01 -0.10938817E+00 -0.74404109E+00 -0.28190651E+00 
 -0.11933587E-01 -0.30557278E-01  0.10433391E-01  0.40855317E-01 -0.72880921E-01 
  0.39548711E-04  0.12409924E-02 -0.73029259E-03  0.19251653E-02 -0.22434855E-02 
 -0.10997779E-01 -0.13331572E+00  0.14467991E+00 -0.30981735E-02  0.50446652E-02 
  0.38504244E-01 -0.62522386E+00 -0.59986185E-04  0.14326641E+00  0.62952465E-05 
  0.35366349E-02 
 -0.52557081E+00 -0.10938817E+00  0.54213687E+00 -0.10979685E+00 -0.26063794E+00 
  0.75468837E-02  0.25773266E-01 -0.81311250E-02  0.17164714E-01  0.12070139E-01 
 -0.50195294E-06 -0.42625904E-03  0.47081815E-03 -0.10093645E-02  0.66695673E-03 
  0.64769269E-02  0.10340911E-01 -0.52338608E-01 -0.49253670E-01  0.37558492E-01 
  0.26896535E-02  0.96810366E-02 -0.83815635E-04 -0.29903516E-02  0.15473203E-04 
  0.52100400E-02 
 -0.53046849E+01 -0.74404109E+00 -0.10979685E+00  0.12830991E+01 -0.35738586E+00 
  0.53622508E-03  0.64526413E-02 -0.25893563E-03 -0.78251341E-01 -0.12825354E-02 
 -0.79215922E-04 -0.23604869E-03  0.45369239E-03 -0.17656487E-03  0.61272735E-04 
  0.35940194E-02  0.74047239E-01 -0.55894899E-01  0.14632687E-01 -0.16257391E-01 
  0.57234976E-01  0.71517195E+00  0.34259140E-03 -0.16598781E+00  0.22168217E-03 
 -0.26104762E-02 
  0.17448329E+01 -0.28190651E+00 -0.26063794E+00 -0.35738586E+00  0.75105309E+00 
 -0.22682172E-02 -0.44237517E-02  0.15367750E-02  0.19136567E-01  0.46370708E-01 
  0.51971297E-04 -0.44458301E-03 -0.16569679E-03 -0.46889155E-04  0.81312955E-03 
  0.46297109E-02  0.30266199E-01 -0.17700232E-01  0.26351234E-01 -0.23781193E-01 
 -0.79684706E-01 -0.82442287E-01 -0.36442970E-03  0.21582338E-01 -0.15480282E-03 
 -0.32082194E-02 
 -0.23588862E-01 -0.11933587E-01  0.75468837E-02  0.53622508E-03 -0.22682172E-02 
  0.39560687E-02  0.11051572E-02 -0.60679000E-03  0.54053097E-04  0.16247755E-02 
 -0.55587970E-05 -0.29540595E-05 -0.74855762E-05 -0.44252541E-03  0.35302210E-03 




 -0.93831605E-03 -0.29022272E-01 -0.62347580E-04  0.68005982E-02  0.42896655E-05 
  0.46936813E-03 
 -0.77742387E-01 -0.30557278E-01  0.25773266E-01  0.64526413E-02 -0.44237517E-02 
  0.11051572E-02  0.38451714E-02 -0.50681133E-03  0.14529794E-03  0.37581202E-02 
 -0.22700989E-05 -0.15516307E-04  0.47646753E-04 -0.15003526E-03  0.10144250E-03 
  0.15779671E-02  0.27381522E-02 -0.89689911E-02 -0.21250249E-02  0.66471144E-03 
 -0.53641377E-03 -0.33880270E-02 -0.53079951E-04  0.83888989E-03  0.55588318E-05 
  0.52912340E-03 
  0.13422347E-01  0.10433391E-01 -0.81311250E-02 -0.25893563E-03  0.15367750E-02 
 -0.60679000E-03 -0.50681133E-03  0.54372648E-03 -0.82058866E-05 -0.10203174E-02 
  0.45936241E-06  0.28162800E-04 -0.17860487E-05  0.66064660E-04 -0.67404151E-04 
  0.51466707E-03 -0.16911218E-02  0.20633462E-02  0.22340949E-03 -0.10294042E-02 
  0.82127220E-03  0.61443997E-02  0.17953399E-04 -0.14653994E-02 -0.83879761E-06 
 -0.56293230E-04 
  0.29831502E+00  0.40855317E-01  0.17164714E-01 -0.78251341E-01  0.19136567E-01 
  0.54053097E-04  0.14529794E-03 -0.82058866E-05  0.51002267E-02  0.41548832E-03 
  0.55635597E-05  0.50860043E-05 -0.15292832E-04 -0.10037579E-04  0.14100758E-04 
  0.20881696E-03 -0.43136349E-02  0.23245667E-02 -0.20180492E-02  0.15084886E-02 
 -0.35561804E-02 -0.40949413E-01 -0.23811831E-04  0.94841815E-02 -0.11904823E-04 
  0.32601485E-03 
 -0.38765407E-01 -0.72880921E-01  0.12070139E-01 -0.12825354E-02  0.46370708E-01 
  0.16247755E-02  0.37581202E-02 -0.10203174E-02  0.41548832E-03  0.89061517E-02 
  0.17829959E-05 -0.94382449E-04  0.44506666E-04 -0.22933113E-03  0.23730378E-03 
  0.10056771E-02  0.83131665E-02 -0.13098359E-01  0.18822869E-03 -0.38675264E-03 
 -0.72439658E-02  0.17048371E-01 -0.83291634E-04 -0.35431982E-02 -0.11179800E-04 
 -0.69769683E-04 
  0.31222577E-03  0.39548711E-04 -0.50195294E-06 -0.79215922E-04  0.51971297E-04 
 -0.55587970E-05 -0.22700989E-05  0.45936241E-06  0.55635597E-05  0.17829959E-05 
  0.26194231E-06  0.95294991E-07  0.65009149E-07  0.65349469E-07 -0.12859532E-06 
  0.28456943E-06 -0.39957410E-05  0.56075222E-05 -0.85939436E-06  0.29273717E-06 
 -0.75817332E-05 -0.53435972E-04 -0.25473089E-06  0.13356359E-04 -0.64077326E-08 
 -0.28259861E-07 
  0.21262510E-02  0.12409924E-02 -0.42625904E-03 -0.23604869E-03 -0.44458301E-03 
 -0.29540595E-05 -0.15516307E-04  0.28162800E-04  0.50860043E-05 -0.94382449E-04 
  0.95294991E-07  0.15239077E-04  0.30910202E-05  0.31637809E-06 -0.15784641E-04 
  0.16842967E-04 -0.16862301E-03  0.14429728E-03  0.12554807E-04 -0.50030735E-04 
  0.11476648E-03 -0.41201604E-03 -0.12841082E-05  0.94458506E-04 -0.16121736E-07 
  0.28289231E-04 
 -0.28086932E-02 -0.73029259E-03  0.47081815E-03  0.45369239E-03 -0.16569679E-03 
 -0.74855762E-05  0.47646753E-04 -0.17860487E-05 -0.15292832E-04  0.44506666E-04 
  0.65009149E-07  0.30910202E-05  0.46404646E-05 -0.97652387E-06 -0.52517653E-05 
  0.33525529E-04  0.58542463E-04 -0.12765415E-03 -0.47707001E-04  0.29838383E-05 
  0.15096665E-04  0.16305074E-02  0.14125042E-05 -0.37802497E-03 -0.37266338E-06 
 -0.55794143E-05 
  0.37620426E-02  0.19251653E-02 -0.10093645E-02 -0.17656487E-03 -0.46889155E-04 
 -0.44252541E-03 -0.15003526E-03  0.66064660E-04 -0.10037579E-04 -0.22933113E-03 
  0.65349469E-07  0.31637809E-06 -0.97652387E-06  0.52491965E-04 -0.41778486E-04 
  0.21108003E-04 -0.24239176E-03  0.42473487E-03  0.13535213E-04 -0.66076404E-04 
  0.14075527E-03  0.24619910E-02  0.63807791E-05 -0.57943524E-03 -0.40089674E-06 
 -0.47766085E-04 
 -0.28834258E-02 -0.22434855E-02  0.66695673E-03  0.61272735E-04  0.81312955E-03 
  0.35302210E-03  0.10144250E-03 -0.67404151E-04  0.14100758E-04  0.23730378E-03 
 -0.12859532E-06 -0.15784641E-04 -0.52517653E-05 -0.41778486E-04  0.52522890E-04 
 -0.36843462E-04  0.29568033E-03 -0.37186312E-03  0.19680336E-04  0.68635688E-04 
 -0.23304458E-03 -0.27192155E-02 -0.45261304E-05  0.63611584E-03  0.68387906E-06 
  0.18830490E-04 
 -0.36754036E-01 -0.10997779E-01  0.64769269E-02  0.35940194E-02  0.46297109E-02 
 -0.43941306E-03  0.15779671E-02  0.51466707E-03  0.20881696E-03  0.10056771E-02 
  0.28456943E-06  0.16842967E-04  0.33525529E-04  0.21108003E-04 -0.36843462E-04 




  0.39060315E-03  0.76022788E-02  0.34422895E-05 -0.18068259E-02 -0.13306238E-05 
  0.22190891E-03 
 -0.35212199E+00 -0.13331572E+00  0.10340911E-01  0.74047239E-01  0.30266199E-01 
  0.17691344E-02  0.27381522E-02 -0.16911218E-02 -0.43136349E-02  0.83131665E-02 
 -0.39957410E-05 -0.16862301E-03  0.58542463E-04 -0.24239176E-03  0.29568033E-03 
 -0.21885097E-03  0.15336689E-01 -0.15399949E-01  0.12042967E-02  0.37694125E-03 
 -0.52695963E-02  0.61226880E-01 -0.95729786E-05 -0.13900479E-01 -0.42856696E-05 
 -0.60357614E-03 
  0.35185223E+00  0.14467991E+00 -0.52338608E-01 -0.55894899E-01 -0.17700232E-01 
 -0.31079893E-02 -0.89689911E-02  0.20633462E-02  0.23245667E-02 -0.13098359E-01 
  0.56075222E-05  0.14429728E-03 -0.12765415E-03  0.42473487E-03 -0.37186312E-03 
 -0.28635116E-02 -0.15399949E-01  0.27321008E-01  0.29211312E-02 -0.12921189E-02 
  0.52195243E-02 -0.29082280E-01  0.11778136E-03  0.63731939E-02 -0.20435921E-05 
 -0.52508464E-03 
  0.30779592E-01 -0.30981735E-02 -0.49253670E-01  0.14632687E-01  0.26351234E-01 
  0.55003914E-04 -0.21250249E-02  0.22340949E-03 -0.20180492E-02  0.18822869E-03 
 -0.85939436E-06  0.12554807E-04 -0.47707001E-04  0.13535213E-04  0.19680336E-04 
 -0.13607537E-02  0.12042967E-02  0.29211312E-02  0.52110421E-02 -0.30321467E-02 
 -0.13291274E-02  0.49076400E-03 -0.80490252E-05  0.45536363E-04 -0.18412936E-05 
 -0.60437144E-03 
  0.80712650E-02  0.50446652E-02  0.37558492E-01 -0.16257391E-01 -0.23781193E-01 
  0.69570953E-03  0.66471144E-03 -0.10294042E-02  0.15084886E-02 -0.38675264E-03 
  0.29273717E-06 -0.50030735E-04  0.29838383E-05 -0.66076404E-04  0.68635688E-04 
 -0.10386840E-02  0.37694125E-03 -0.12921189E-02 -0.30321467E-02  0.41318138E-02 
  0.16967213E-06 -0.26768012E-01 -0.23749029E-04  0.61212118E-02  0.61158491E-05 
  0.50374297E-03 
 -0.21918520E+00  0.38504244E-01  0.26896535E-02  0.57234976E-01 -0.79684706E-01 
 -0.93831605E-03 -0.53641377E-03  0.82127220E-03 -0.35561804E-02 -0.72439658E-02 
 -0.75817332E-05  0.11476648E-03  0.15096665E-04  0.14075527E-03 -0.23304458E-03 
  0.39060315E-03 -0.52695963E-02  0.52195243E-02 -0.13291274E-02  0.16967213E-06 
  0.11161301E-01  0.14301541E-01  0.70958421E-04 -0.36959305E-02  0.20389651E-04 
  0.24573395E-03 
 -0.29855329E+01 -0.62522386E+00  0.96810366E-02  0.71517195E+00 -0.82442287E-01 
 -0.29022272E-01 -0.33880270E-02  0.61443997E-02 -0.40949413E-01  0.17048371E-01 
 -0.53435972E-04 -0.41201604E-03  0.16305074E-02  0.24619910E-02 -0.27192155E-02 
  0.76022788E-02  0.61226880E-01 -0.29082280E-01  0.49076400E-03 -0.26768012E-01 
  0.14301541E-01  0.44298647E+01  0.59078384E-02 -0.10280176E+01 -0.70082501E-03 
 -0.52007097E-01 
 -0.64697714E-03 -0.59986185E-04 -0.83815635E-04  0.34259140E-03 -0.36442970E-03 
 -0.62347580E-04 -0.53079951E-04  0.17953399E-04 -0.23811831E-04 -0.83291634E-04 
 -0.25473089E-06 -0.12841082E-05  0.14125042E-05  0.63807791E-05 -0.45261304E-05 
  0.34422895E-05 -0.95729786E-05  0.11778136E-03 -0.80490252E-05 -0.23749029E-04 
  0.70958421E-04  0.59078384E-02  0.25693565E-04 -0.14036855E-02 -0.48243207E-05 
 -0.16284706E-03 
  0.69345552E+00  0.14326641E+00 -0.29903516E-02 -0.16598781E+00  0.21582338E-01 
  0.68005982E-02  0.83888989E-03 -0.14653994E-02  0.94841815E-02 -0.35431982E-02 
  0.13356359E-04  0.94458506E-04 -0.37802497E-03 -0.57943524E-03  0.63611584E-03 
 -0.18068259E-02 -0.13900479E-01  0.63731939E-02  0.45536363E-04  0.61212118E-02 
 -0.36959305E-02 -0.10280176E+01 -0.14036855E-02  0.23869695E+00  0.16240445E-03 
  0.12077032E-01 
 -0.11013369E-02  0.62952465E-05  0.15473203E-04  0.22168217E-03 -0.15480282E-03 
  0.42896655E-05  0.55588318E-05 -0.83879761E-06 -0.11904823E-04 -0.11179800E-04 
 -0.64077326E-08 -0.16121736E-07 -0.37266338E-06 -0.40089674E-06  0.68387906E-06 
 -0.13306238E-05 -0.42856696E-05 -0.20435921E-05 -0.18412936E-05  0.61158491E-05 
  0.20389651E-04 -0.70082501E-03 -0.48243207E-05  0.16240445E-03  0.20916809E-05 
  0.34670560E-04 
 -0.41292648E-02  0.35366349E-02  0.52100400E-02 -0.26104762E-02 -0.32082194E-02 
  0.46936813E-03  0.52912340E-03 -0.56293230E-04  0.32601485E-03 -0.69769683E-04 
 -0.28259861E-07  0.28289231E-04 -0.55794143E-05 -0.47766085E-04  0.18830490E-04 




  0.24573395E-03 -0.52007097E-01 -0.16284706E-03  0.12077032E-01  0.34670560E-04 
  0.19219388E-02 
 
technical efficiency estimates : 
 
     firm  year             eff.-est. 
       1     1           0.58781831E+00 
       2     1           0.41653347E+00 
       3     1           0.64155618E+00 
       4     1           0.98359409E+00 
       5     1           0.47780483E+00 
       6     1           0.32058369E+00 
       7     1           0.26051533E+00 
       8     1           0.17718728E+00 
       9     1           0.28151489E+00 
      10     1           0.48234009E+00 
      11     1           0.26341588E+00 
      12     1           0.39720712E+00 
      13     1           0.90317973E+00 
      14     1           0.38456637E+00 
       1     2           0.56514713E+00 
       2     2           0.44770438E+00 
       3     2           0.65504474E+00 
       4     2           0.97856156E+00 
       5     2           0.49543189E+00 
       6     2           0.34909912E+00 
       7     2           0.26918440E+00 
       8     2           0.17146395E+00 
       9     2           0.28810589E+00 
      10     2           0.49982975E+00 
      11     2           0.27835776E+00 
      12     2           0.40225335E+00 
      13     2           0.90676361E+00 
      14     2           0.39241092E+00 
       1     3           0.56450347E+00 
       2     3           0.47099819E+00 
       3     3           0.66349107E+00 
       4     3           0.94347369E+00 
       5     3           0.50912442E+00 
       6     3           0.34403387E+00 
       7     3           0.27099698E+00 
       8     3           0.17950281E+00 
       9     3           0.29095582E+00 
      10     3           0.51036499E+00 
      11     3           0.28765688E+00 
      12     3           0.40750420E+00 
      13     3           0.96598104E+00 
      14     3           0.39169214E+00 
       1     4           0.59044106E+00 
       2     4           0.44217422E+00 
       3     4           0.66977584E+00 
       4     4           0.95217275E+00 
       5     4           0.52214469E+00 
       6     4           0.33594168E+00 
       7     4           0.27875426E+00 
       8     4           0.18588958E+00 
       9     4           0.30684872E+00 
      10     4           0.53114546E+00 
      11     4           0.29322702E+00 




      13     4           0.96482903E+00 
      14     4           0.40329482E+00 
       1     5           0.53777504E+00 
       2     5           0.47385759E+00 
       3     5           0.68647010E+00 
       4     5           0.94049712E+00 
       5     5           0.52947042E+00 
       6     5           0.34829985E+00 
       7     5           0.29609420E+00 
       8     5           0.18955083E+00 
       9     5           0.30866345E+00 
      10     5           0.54476174E+00 
      11     5           0.29245589E+00 
      12     5           0.41815713E+00 
      13     5           0.96644467E+00 
      14     5           0.39661681E+00 
       1     6           0.55999190E+00 
       2     6           0.49822384E+00 
       3     6           0.69765544E+00 
       4     6           0.97148161E+00 
       5     6           0.55801660E+00 
       6     6           0.35095414E+00 
       7     6           0.30902187E+00 
       8     6           0.19726544E+00 
       9     6           0.32770257E+00 
      10     6           0.56698151E+00 
      11     6           0.29560032E+00 
      12     6           0.42377557E+00 
      13     6           0.96533349E+00 
      14     6           0.39988128E+00 
       1     7           0.57811462E+00 
       2     7           0.51104102E+00 
       3     7           0.70152999E+00 
       4     7           0.96722445E+00 
       5     7           0.57834219E+00 
       6     7           0.36961468E+00 
       7     7           0.32145010E+00 
       8     7           0.20212538E+00 
       9     7           0.33130091E+00 
      10     7           0.55596792E+00 
      11     7           0.30684359E+00 
      12     7           0.42422310E+00 
      13     7           0.97403254E+00 
      14     7           0.39471781E+00 
       1     8           0.56199131E+00 
       2     8           0.49750236E+00 
       3     8           0.72440330E+00 
       4     8           0.96345746E+00 
       5     8           0.59257387E+00 
       6     8           0.37531271E+00 
       7     8           0.33287309E+00 
       8     8           0.19928123E+00 
       9     8           0.33275162E+00 
      10     8           0.55156879E+00 
      11     8           0.31532968E+00 
      12     8           0.43327970E+00 
      13     8           0.98283659E+00 
      14     8           0.38068574E+00 
       1     9           0.63061603E+00 




       3     9           0.73099917E+00 
       4     9           0.97809715E+00 
       5     9           0.56749297E+00 
       6     9           0.38327661E+00 
       7     9           0.33583180E+00 
       8     9           0.20761029E+00 
       9     9           0.31977565E+00 
      10     9           0.56801832E+00 
      11     9           0.34218212E+00 
      12     9           0.43592968E+00 
      13     9           0.98039015E+00 
      14     9           0.39685336E+00 
       1    10           0.60167611E+00 
       2    10           0.54978263E+00 
       3    10           0.72719302E+00 
       4    10           0.98556051E+00 
       5    10           0.59310601E+00 
       6    10           0.38843683E+00 
       7    10           0.34710032E+00 
       8    10           0.21151576E+00 
       9    10           0.35176412E+00 
      10    10           0.55189900E+00 
      11    10           0.37215735E+00 
      12    10           0.43740480E+00 
      13    10           0.98788932E+00 
      14    10           0.41664052E+00 
       1    11           0.60349011E+00 
       2    11           0.55317479E+00 
       3    11           0.72111042E+00 
       4    11           0.98462022E+00 
       5    11           0.62331677E+00 
       6    11           0.37873863E+00 
       7    11           0.35547749E+00 
       8    11           0.21190149E+00 
       9    11           0.35881729E+00 
      10    11           0.57038815E+00 
      11    11           0.37500790E+00 
      12    11           0.44919892E+00 
      13    11           0.98926832E+00 
      14    11           0.40697186E+00 
       1    12           0.60795290E+00 
       2    12           0.55170606E+00 
       3    12           0.70205049E+00 
       4    12           0.98575022E+00 
       5    12           0.64218984E+00 
       6    12           0.37706915E+00 
       7    12           0.36089816E+00 
       8    12           0.21932448E+00 
       9    12           0.41088372E+00 
      10    12           0.56618220E+00 
      11    12           0.38302433E+00 
      12    12           0.45073413E+00 
      13    12           0.99120999E+00 
      14    12           0.44931846E+00 
       1    13           0.62502073E+00 
       2    13           0.54713317E+00 
       3    13           0.69780528E+00 
       4    13           0.98682215E+00 
       5    13           0.65331623E+00 




       7    13           0.36244786E+00 
       8    13           0.22809295E+00 
       9    13           0.43630920E+00 
      10    13           0.56420494E+00 
      11    13           0.41384639E+00 
      12    13           0.44463673E+00 
      13    13           0.99117952E+00 
      14    13           0.43676909E+00 
       1    14           0.64264601E+00 
       2    14           0.58184949E+00 
       3    14           0.69151115E+00 
       4    14           0.98816450E+00 
       5    14           0.66942802E+00 
       6    14           0.38571823E+00 
       7    14           0.36386100E+00 
       8    14           0.23131398E+00 
       9    14           0.43803026E+00 
      10    14           0.57400834E+00 
      11    14           0.40270858E+00 
      12    14           0.44780862E+00 
      13    14           0.99149933E+00 
      14    14           0.44439110E+00 
       1    15           0.65499610E+00 
       2    15           0.58324791E+00 
       3    15           0.71243801E+00 
       4    15           0.97745297E+00 
       5    15           0.68835686E+00 
       6    15           0.39557553E+00 
       7    15           0.37443989E+00 
       8    15           0.23952403E+00 
       9    15           0.45618224E+00 
      10    15           0.58309118E+00 
      11    15           0.43250955E+00 
      12    15           0.45320228E+00 
      13    15           0.99060599E+00 
      14    15           0.44351290E+00 
       1    16           0.65850998E+00 
       2    16           0.57929171E+00 
       3    16           0.68994150E+00 
       4    16           0.97370753E+00 
       5    16           0.69603891E+00 
       6    16           0.41332780E+00 
       7    16           0.37637282E+00 
       8    16           0.24661791E+00 
       9    16           0.45879318E+00 
      10    16           0.58670058E+00 
      11    16           0.43144024E+00 
      12    16           0.45465022E+00 
      13    16           0.99078710E+00 
      14    16           0.44849383E+00 
 
 mean efficiency =   0.52358721E+00 
summary of panel of observations: 
(1 = observed, 0 = not observed) 
 
  t:   1   2   3   4   5   6   7   8   9  10  11  12  13  14  15  16 
   n 
   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   2   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 




   4   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   5   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   6   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   7   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   8   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
   9   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  10   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  11   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  12   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  13   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
  14   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1   1  16 
 
      14  14  14  14  14  14  14  14  14  14  14  14  14  14  14  14 224 
